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INTRODUCTION

This report documents a finite-difference model for simulation of ground- 

water flow in three dimensions. Although the techniques for constructing 

numerical models of ground-water flow in three dimensions have been available 

in the petroleum literature for some time, the large computer-memory requirements 

for simulation of realistic ground-water problems have discouraged development 

of such models. To minimize the core requirements for these simulations, 

Bredehoeft and Finder (1970) described a quasi three-dimensional model 

which is a sequence of two-dimensional ground-water flow models coupled by 

terms representing flow through intervening confining beds. In practice 

there has been some difficulty getting convergence with this approach. The 

fully three-dimensional model described in this report can be reduced to 

a quasi three-dimensional model in terms of the equations being solved and 

computer-memory requirements, yet converges to a solution much faster 

because all equations are solved simultaneously.

The iterative numerical technique used to solve the set of simultaneous 

finite-difference equations is the strongly implicit procedure (SIP) originally 

described by Stone (1968) for problems in two dimensions and extended to 

three dimensions by Weinstein, Stone and Kwan (1969). Weinstein and others 

(1969) claim that SIP converges faster than the iterative alternating- 

direction implicit procedure (ADI) (used for solution in two dimensions by 

Bredehoeft and Pinder, 1970) and that SIP is less subject to roundoff errors 

than ADI.



THEORETICAL DEVELOPMENT

Ground-water flow equation

The flow of ground water in a porous medium in three dimensions may be 

expressed as (Jacob, 1950, Cooper, 1966)

n 2, _s oh ,- ^. 
V h =   ̂  (1)

in which h is hydraulic head (L);

S is specific storage (L );
S

K is hydraulic conductivity (L T~" ) .

Permitting hydraulic conductivity to be heterogeneous and anisotropic and 

adding a source" term, equation 1 becomes

> - S + "(x.y.z.t) (2)

in which W(x,y,z,t) is a volumetric flux per unit volume (T ). 

Assuming that the coordinate a-*es x,y and z are alined, with the principal 

directions of the hydraulic conductivity tensor, the cross-product terms drop out 

of equation 2 and it becomes in expanded form

  . . __ . _ _ .
3xxx 8x 8y yy 3y 8z zz ~ s It 

in which
K , ^r,.* K,, are t^e principal components of the hydraulic
XX Jj 2 Z

conductivity tensor (L T~ ) .



In the finite-difference simulator, it is often convenient to represent a 

hydraulic unit by one layer of nodes. For this approach, equation 3 is multi 

plied by b, the thickness of the hydraulic unit giving

h (Txx H> + fe{V t> + IT (bK Zzt> - s ' t + W«.T...t) (4)

in which T , T are the principal components of the transmissivity

2 -1 tensor (L T );

S 1 is the storage coefficient (dimensionless).

Although the model is designed to solve equation 4, it will solve equation 3 

by substituting hydraulic conductivity, specific storage, and W(x,y,z,t) for 

transmissivity, storage coefficient, and bW(x,y,z,t), respectively.

Finite-difference approximation

In order to solve equation 3 or 4 for a heterogeneous, anisotropic porous 

medium with irregular boundaries, one approach is to subdivide the region into 

blocks in which the medium properties are assumed to be uniform. The con 

tinuous derivatives in equation 3 or 4 are replaced by finite-difference 

approximations for the derivatives at a point (the node at the center of the 

block). The result is N equations in N unknowns (head values at the nodes) 

where N is the number of blocks representing the porous medium.

Utilizing a block-centered, finite-difference grid in which variable 

grid spacing is permitted (figure 1) 9 equation 4 may be approximated as



k-1

Figure 1. Index scheme for finite-difference grid and the normal ordering of nodes 
for 3X3X3 problem. The numerical values of the indices (i,j,k) for 
this problem are given in the lower left-hand corner of each block.



1 r/_ ijL) _ /j It) 1 4.

AXj xx 8«,

1 .. . 8hu / , 3hv 
y [(Tyy S"

in which Ax. is the space increment in the x direction for column j (L);
J

Ay is the space increment in the y direction for row i (L); 

Az is the space increment in the z direction for layer k (L);
it

At is the time increment (T);

i is the index in the y dimension;

j is the index in the x dimension;

k is the index in the z dimension;

i,j,k is the hydraulic head at the previous time step (L).



The final approximation for equation 4 is

Ax, [T
(h - h )*£: Ilf ] - [T-

Ax,

[T Ay
--L**-] - [T

(hi f i t k

c»

- ^ , , ) (hi.1.k
Az,

(6)

Following a convention similar to that introduced by Stone (1968), the notation 

in equation 6 may be simplified by writing

q»
,_,AV fa. , , - h. , . )+bW ...At i,j,k i.jtk' i,j,k (7)



in which

Bi,j,k
2T T

Ay. + T r . 1-1 Ay. /Ay. (8a)

and the terms in brackets is the harmonic mean of

Ay± Ay.^

Similarly,

2T T

T r . . , -.Ax. + T xx[i,j,k] 3-1
Ax /Ax,; (8b)

2T T

T r .
; (8c)

H. yy[i..1.kl
Ayi+l

2 (bK ) . . , ^ (bK ) . . . zz i,i,k+l 22 i..i,

Ay /Ay..; (8d)

(8e)

2(bK ). . , .(bK ). . . zz i,i«k-l zz i.i,k
(bK ). . . Azn _ + (bK ). . . . Az. zz i,j,k k-1 22 i,j,k-l k

/Az, . (8f)

Use of the harmonic mean 1) insures continuity across block boundaries at 

steady state for an irregular grid and 2) makes the appropriate coefficients 

zero at no-flow boundaries.



If the upper hydrologic unit is under water-table conditions, the 

specific yield is inserted for the storage coefficient and the trans- 

missivities in equations 8 are defined as a function of the head for the 

previous iteration. As an example

_n .. . n-1 ,. . , v - K . v^k.  

in which b . , is the saturated thickness of the upperi>3 »K

hydrologic unit at iteration n-1; 

n is the iteration index.

The notation in equation 7 can be simplified by eliminating all 

subscripts not including a f+l f or f -l f . After rearranging equation 7 

by placing all of the unknowns on the left-hand side, it becomes

Bhi-l + Dhj-l + ^ + Fh^1 + Hh^1 + Sh^- Ll + Zh^- -. " Q <9 >

in which

E = -

q t ^

Q - - h + bw '



Source Term

The source term W(x,y,z,t) can include well discharge and recharge 

from precipitation. In the model the source term is computed as

(bw) . ,t _ q
^ ; i,j,k AXj Ay± qre[i,j,k]

in which

Or..,, is the well discharge (L T ); vfi.J.k] 6

reU»J»k] is the volumetric flux per unit area of the

uppermost hydraulic unit (LT ). (Adding this 

term to other layers will require modifications 

to the code.) -

To solve equation 3 instead of 4, divide Q r -    > i an(* ^ r* . * i
Til ll T If I TO I 1 T If Iw LJ-> j >K-J reii,j,Kj 

by Az, for data input.
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Numerical Solution by the Strongly Implicit Procedure

The following development follows that given in Weinstein, Stone 

and Kwan (1969). The nod^s (i,j,k) may be ordered as in figure 1 so that 

j is swept through first (j = 1,2,~... ,J) , i is swept through second 

(i « 1,2,...,1) and k last (k « 1,2,...,K'). Ordering the set of equations 9 

in the same manner, they may be represented by the matrix equation

in

A h - Q

hl,l,l 

hl,2,l

hl J 1 
h2\'l

h2 Vl

 

h2,J,l

(10)

and I is the number of rows;

J is the number of columns;

K T is the number of layers.

11



Q has the same form as h, and the matrix A is shown in figure 2. Equation 10 

may be solved directly by factoring A into lower L and upper U triangular

3S

matrices. However, L has non-zero elements in all the diagonals from

Z to E and U has non-zero elements in all of the diagonals from E to S.

Consequently, solution by Gaussian elimination for problems

of practical size requires excessive computation time and computer storage.

To include as many zero diagonals in L and U as possible, a modifying 

matrix B can be added to A such that (A+B) factors into L and U as shown in 

figures 3 and 4 . With this modification, equation 10 becomes

(A + B) h = Q + Bh , (11)

Equation n can be solved readily if the right-hand side is known. This 

leads to an iterative scheme defined by the following equation:

(A + B) hn = Q + Bh11"1 (12)

in which n is an iteration index. To reduce roundoff errors, equation 12 

is put in residual form by adding and subtracting Ah to the 

right hand side:

j (A + B) ln = R11"1 (13)

in which £ = h - h ;

R11"1 = Q - Ah11"" 1 .

12



Figure 2. Matrix A.
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Figure 3. Lower triangular factor L of (AfB)

Figure 4. Upper triangular factor U of (A+B)
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Rn is known from the previous iteration. The (i,j,k) element- of 

R11"1 is given by

R = Q -

When £ n < e, an arbitrary error criterion, a solution to equation 13 
max

is obtained.

Derivation of the SIP algorithm requires 1) the relationships defining

(A?B) = LU; (14) 

2) an appropriate definition of B; and 3) relationships among the elements

of A and (A+B) . The matrix (A+B) is shown in figure 5 and the elements -of 

(A+B) or LU are defined by

Z f = a

B f - b

c =ei-ib
D' = c

E' = ^_x + bf^ + ej _1 o + d

F' - d e

G - f3 -ic

H' - f d

° =bVl

W = gj _lC

S' - gd (15)

	15



Z 1 A T B 1 C D'E'F 1 G H 1 U W S

Figure 5. Matrix (A+B)
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The nodal values associated with the elements of (A + B) not in the original 

difference equation 9 (namely, those associated with the coefficients C,G,A,W,T,U) 

are shown in figure 6. Stone (1968) and Weinstein, Stone and Kwan (1969) have 

found it effective to define B(there are many ways of defining £ that will satisfy 

equation 14) so that the contribution of these additional terms is partially
3 =  

cancelled. Their definition of B can be seen by writing B£ for node (i,j,k) as

u tsi-

in which ^ is an iteration parameter. Weinstein, Stone and Kwan (1969) define

different parameters for each of the three planes in space, but in practice

use only one parameter each iteration. The term (-£+ . + C.,-,) is the

second-order correct approximation for £ . . -. The remaining elements ofi"~i, J+l

B£ for node (i,j,k) in 16 have similar relationships ,<$ ee Remson and others, 

1971, p. 226 for derivation of this type of approximation.)

17
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A

Figure 6. Coefficients for normal ordering scheme.
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With these definitions, equation 13 written for node (i,j,k) is

By collecting coefficients associated with nodal positions in the original 

difference equation and using equations 15, the .SIP algorithm can be derived as

b = B/U+u) (e1-;L + 

c = D/(l4u (f._, + 

A = ae.

i-1

c-1
C - be

6 * Cfj-l 

W - cgj_1

T - afk-l 

U = bg±_1

19



= E+ . , - bf . , - ag
J-l 1-1

g =

(F-U) (A + C))/d 

(H _u) (G + T))/d 

(S -a) (W + U))/d (18)

Equation 14 may be combined with equation 13 to give

(19)

Define the vector Vn by

=  n   n 
U = V s ftr\\ (20)

Then equation 19 becomes

Evn= iT" (2D

After solving equations 18, the intermediate vector V can be computed; 

for node (i,j,k) equation 21 is (refer to figure 3 for the elements of L)

+ bvn 
-1 i-l

cV n l 4- 
j-1

or

_n
The vector £ may then be computed by backward substitution.

Equation 20 for noje (i r j,k) is (refer to figure 4 for the elements of U)

- V

or n n

20



Stone (1968) and Weinstein and others (1969) recommend that a second 

ordering scheme be used every other iteration. In the second ordering scheme, 

j is swept through first in increasing order (j * 1,2,...,J), i is second in 

decreasing order (1*1, 1-1, ...,1), and k last in decreasing order 

(k = KjK'-l, . . . ,1). (See figure 7.) This tends to give an overall symmetry 

to (A+B) for the two iterations (compare figures 6 and 8) and speeds 

convergence .

The algorithm for the second (or 'reverse') ordering scheme is derived 

in a manner analogous to that for the 'normal' ordering scheme given above. 

The SIP reverse algorithm is outlined below:

b = 

c =

A * aek+l 

C ' bei+l

d = E + 0) (C-K3+A-+W-T+U) - ag - bf -ce

e - (F-o)(C+A))/d

f = (B-u(G+-T))/d

g - (Z-<u(WfU))/d. (22)

21



Figure 7. Reverse ordering of nodes for a 3 X 3 X 3 problem. The 
numerical values of the indices (i,j,k) for this problem 
are given in the lower left-hand corner of each block.
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Figure 8. Coefficients of reverse ordering scheme

23



For node (i,j,k) equation 21 is

n n n n-1 
bVi+l + CV -1 + dV   R

or

..n ,-n-l n n

The vector \ is computed with equation 20 which, for node (i,j,k),is

n n n n n
4- e£ + f£ + a£ = Ve^ §^

or

«n= v°- e5jn+i - fsi-i - 85k-r

Iteration parameters

A sequence of iteration parameters ranging from 0 to 1 is cycled until 

convergence is achieved. The minimum parameter is not critical and 0 

is arbitrarily chosen. The maximum parameter is given by

7T 2 IT 2 IT 21- fi> =, Min ... [ ^      *  ^      ,  ^     ] 
max (over grid) ^Z^j 2I 2 (l+p 2 ) 2K2 (1+P 3 )

2 2 
K r . - iT(Ax^) K _ r . . ,,(Ax.)

(23b)
1 .2 ^

Kxx[i ' kl (Ayi )2 Kzz[iP 2 I tit ] + It

2

i,k1 (Ayi )2

2
(23c)

(23d)

24



Equations 23 are the same ones used to calculate the minimum parameter for 

the iterative alternating-direction implicit procedure (ADI) and are based 

on a von Neumann error analysis of the normalized ADI equations. (See Weinstein 

and others, 1969, for references.) Commonly 4 to 10 parameters are used in one 

cycle and are arranged geometrically between minimum and maximum with the 

equation

~   l   "^       - L~l (24)
in which x, is the iteration parameter index;

L is the number of parameters in a cycle.

In the model, equation 23b, 23c, and 23d are modified to use B,D,F,H,S and 

Z defined by equations 8. For example, equation 23b is computed as

_ Max [B,H] Max [S,Z] 
Pl Min [D,F] Min [D,F]

The sequence of parameters computed with equations 23 and 24 gives rapid con 

vergence for most anisotropic problems (K - K »K ). For problems with
xx yy zz v

isotropic layers, nowever, the parameters, computed with these equations may 

give slower convergence. Based on an analysis of the contribution of terms 

in equations 23, the second terms of equations 23 were dropped and the resulting 

sequence of parameters generally give good convergence rates for both iso 

tropic and anisotropic simulations. However, if the sequence of parameters 

computed by the equations in the program are all (except the first parameter) 

close to 1.0 and if this results in slow convergence or even divergence, bypass 

the computations in the model and insert WMAX - 0.99863. The resulting 

sequence of parameters (such as 0.0, 0.80772, 0.96303, 0.99289, 0.99863) 

may give a satisfactory rate of convergence.

25



Boundaries in the numerical scheme

Within the limits of the finite-difference grid the irregular geometry 

of the porous medium is simulated by assigning zero transmissivity to 

blocks outside the system. These blocks, however, must be included in the 

SIP algorithm in order to preserve the required seven-diagonal coefficient 

matrix A. Constant-head boundaries are treated without using special 

conditional statements by skipping constant-head nodes in the algorithm.

26



PRACTICAL CONSIDERATIONS FOR APPLICATION

Initial Conditions

In many simulations, the important results are not the computed head, 

but the changes in head caused by a stress, such as pumping of wells. For 

this objective, if the flow equations for every layer are linear (that is, all 

hydraulic units are confined), the computed drawdown can be superimposed on the 

natural flow system. Consequently, the initial head for the simulation may be 

horizontal and there is no need to impose a natural flow system as the initial 

condition. However, if the user wishes to start a simulation using the head 

distribution in the natural flow system as the initial surface, a steady state 

simulation can be made with the model to compute the initial surface. This type 

of simulation is also useful to check the transmissivity and leakance distri 

bution in the model.

If initial conditions are specified so that transient flow is occurring 

in the system at the start of the simulation, it should be recognized that 

the water levels will change during the simulation, not only in response to 

the pumping stress, but also due to the initial conditions. Initial con 

ditions of this type are appropriate if the simulation is started part way 

through the history of development of the aquifer system. 

Treatment of boundary conditions

Boundaries that can be treated by the model are of two types: constant 

head and constant flux. Constant-head boundaries are specified by assigning 

a negative storage coefficient to the nodes that define the constant-head 

boundary. A constant flux may be zero (impermeable boundaries) or have a 

finite value. A zero-flux boundary is treated by assigning a zero trans 

missivity to nodes outside the boundary. The harmonic mean of the trans 

missivity at the cell boundary is zero, and consequently, the flux across

27



the boundary is zero. A no-flow boundary is inserted around the border of 

each layer of the model as a computational expediency, and constant head or 

finite-flux boundaries are placed inside this border. A finite-flux 

boundary is treated by assigning recharge wells to the appropriate nodes. 

Treatment of Confining Layers

A confining bed in whicti storage is insignificant may be simulated in 

either of two ways: 1) It may be represented by one or more layers of nodes 

as illustrated in figure 9a with TK(I,J,K) computed in the program by 

equation 26c (see Appendix II). This approach is necessary if horizontal 

components of flow in the confining bed are significant 2) If horizontal 

components of flow in the confining bed can be ignored, the system can be 

simulated in the same manner as the quasi three-dimensional model described 

by Bredehoeft and Finder (1970) with a savings in computer time and storage. 

For this approach the confining beds are not represented by layers of nodes 

(figure 9b). Instead, the effects of vertical flow through the confining 

bed are incorporated in the vertical components of hydraulic conductivity 

of the adjacent aquifers. In practice, this is accomplished by reading the 

TK values, which are normally computed by equation 26c, with the rest of the 

data input.(K'-l sets of TK values must be read). The TK values are equal

to the ratio K /b for each confining bed and Az = 1.0 for all layers. 
zz

This approach is designed to be used in solving equation 4. However, for certain 

simple problems in which the confining bed is horizontal, TK values can be 

read and nodes representing the confining bed eliminated when the model is used 

to solve equation 3 if the appropriate Az values are retained in the data input.

If storage in the confining bed is significant, a number of layers of 

nodes will be required to give a good approximation to the gradients near the 

boundaries of the confining layer. To reduce computation time and storage

28



Aquifer 2

Confining Bed TK(I,J,2)
Aquifer 2

Aquifer 1

Aquifer 1

a. b.

Figure 9. Simulating two aquifers separated by a confining bed
with three layers of nodes (a) or two layers of nodes (b)
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requirements, an analytic approximation analogous to that used in the simu 

lator for flow in two dimensions (Bredehoeft and Finder, 1970, P.C. Trescott, 

G.F. Finder and S.P. Larson, written communication, 1975) may be more suitable,

Designing the finite-difference grid

In designing a finite-difference grid, the following considerations 

should be kept in mind:

1. Nodes representing pumping and observation wells should be close to 

their relative positions to facilitate calibration. If several pumping wells 

are close together, their discharge may be lumped, and assigned to one node 

since discharge is distributed over the volume of the block.

2. Boundaries within the project area should be located accurately. 

Distant boundaries can be located approximately and with fewer nodes by 

expanding the grid. In expanding a finite-difference grid in the positive 

J direction, experience has shown that restricting the ratio Ax./Ax. < 1.5 

will avoid large truncation errors and possible convergence problems. This 

rule applies in all three dimensions. If the quasi three-dimensional approach 

is used and TK values are used with the data input, set Az = 1.0 for. all 

layers.

3. Place nodes closer together in areas of rapidly changing trans- 

missivity in each layer.

4. The grid should be oriented so that a minimum of nodes are outside 

the porous medium. Orienting the grid with respect to latitude and longitude 

or some other geographic grid system is a secondary consideration. However, 

if the aquifer is anisotropic, orient the grid with its axes parallel to the

30



principal directions of the transmissivity tensor. Otherwise, the flow 

equation would include cross-product terms which are not considered in the 

SIP algorithm.

5. Number the rows in the short dimension for plotting maps on the line 

printer or for plotting data with an X-Y drum plotter. On these plots, the 

X direction is vertical and, for practical purposes, this dimension is un 

limited. The Y direction is across the page which limits this dimension to 

the maximum width of the page.(See figure 10).

6. The core requirements and computation time are proportional to the 

number of nodes representing the porous medium.
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APPENDIX I 

'NOTATION

a,b,c,d elements of lower triangular factor L;

A,B;C,D;E;F;G,
HjSjT.U.W.Z 1 coefficients of (A+B);

A coefficient matrix;

b saturated thickness of a hydraulic unit (L);

B,D,E,F,H,S,Z coefficients in difference equation;

B modifying matrix;

e,f,g elements of upper triangular factor, 0;

h hydraulic head (L);
/\
h hydraulic head at the previous time step (L);

i index in the y dimension;

I number of rows;

j index in the x dimension;

J number of columns;

k index in the z dimension;

K' number of layers;

K hydraulic conductivity (LT );

K ,K ,K principal components of the hydraulic conductivity tensor (LT );

& iteration parameter index;

L number of parameters in a cycle;

L lower triangular factor of (A+B);

n iteration index;

N number of arrays required for the options;
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q volumetrix flux per unit area of the uppermost hydraulic unit (LT ); 
re

Q known term in difference equation;
3 -1

Q well discharge (L T );

R residual for previous iteration;

S f storage coefficient (dimensionless);

S specific storage (L );
Ss

2 -1 T ,T principal components of the transmissivity tensor (L T );

U upper triangular factor of (A+B);

V intermediate vector in SIP algorithm;

W volumetric flux per unit volume (T ); 

At time increment (T);

Ax space increment in the x direction (L);

Ay space increment in the y direction (L);

Az space increment in the z direction (L);

£ closure criterion;

£ vector of change in head for an iteration;

p-,p«,p,, hydraulic conductivity ratios;

u) iteration parameter.
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APPENDIX II 

COMPUTER PROGRAM 

Main Program

The main program first assigns storage space to arrays required in the 

simulation. Storage space is reserved in a vector Y and is allocated to the 

arrays based on the dimensions of the problem specified on card 3 of the 

data deck.(See Appendix III). The minimum dimension of Y is approximately

YDIM - 15 UK' + N IJ. (25)
a

in which N is the sum of arrays required for options (see table 1). a

_____________Table 1. Additional arrays required for options__________

_____Option_______________________Number of arrays_______________ 
Water-table conditions in upper unit 2

Recharge from precipitation 1

Equation 25 is approximate, but normally will give a value that is 

sufficient for the simulation. The exact dimension required is printed on the 

first, page of the output as "WORDS OF VECTOR Y USED - XXXX". For new simulu- 

lations, the program does not need to be recompiled as long as the dimension 

of Y is large enough and FORTRAN statements do not need to be modified.

After allocation of storage space to the arrays, the addresses of the first 

element of each array are passed to the subroutines.(See table 2 for details)* 

In table 2 the variables giving the dimensions of the arrays are defined in 

Appendix V; the first array is the only double precision array.

The remainder of the main program controls the sequence of computations.

Subroutine DATAI

Instructions for the preparation of the data deck are given in Appendix III 

Data may be input to the model in any consistent set of units in which second 

is the time unit. It is organized into four groups: Data in groups I and II
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Table 2._Arrays passed to the subroutines and their relative 

location in the vector Y.

Array

PHI

STRT
OLD
T 
S
TR
TC

TK

WELL
EL
FL
GL
V
XI

DELX

DELY

DELZ

DDN

FACT

TEST3

JFLO

FLOW

PERM
BOTTOM

QRE

Sequence
number in
vector Y

1

2
3
4 
5
6
7

8

9
10
11
12
13
14

15

16

17

18

19

20

21

22

23
24

25

Subroutine

DATA I

X

X
X
X 
X
X
X

X

X

X

X

X

X

X
X

X

STEP

X

X
X
X 
X
X
X

X

X

X

X

X

X

X

X

SOLVE I

X

X
X
X 
X
X
X

X

X
X
X
X
X
X

X

X

X

X

X

COEF

X

X
X
X 
X
X
X

X

X

X

X

X

X

X
X

X

CHECKI

X

X
X
X 
X
X
X

X

X

X

X

X

X

X

X

X

PRNTAI

X

X

X 
X

X

X

X

Dimensions

(10, JO, K0)*8

10, JO, KO

IK, JK, K5

10, JO, KO

JO

10

KO

IMAX

K0,3

ITMX1

NCR, 3

NCH

IP, JP

IQ, JQ
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are the simulation options and scalar parameters; group III cards are used to 

initialize the arrays. These three groups are required for each new simulation. 

Group IV contains data that varies with each new pumping period. The program 

permits changing well discharge and the time parameters each pumping period,

but the program can be modified to read other data with this set of cards. 

If the simulation is a continuation of a previous run, the initial

head for the continuation (not the starting head for the run) is read either 

from cards or from disk depending on how the results of the previous run 

were saved. (See the section on technical information for details of the data 

set on disk.) A three-dimensional simulation may require a large number of data 

cards. To reduce the number of cards that must be read with each run, the 

program includes options to place the arrays on disk and, on subsequent runs, 

read the data from disk rather than from cards. The data requirements for 

this option are included in Appendix III and definition of the direct access 

file on disk is explained in the section on technical information.

Time Parameters. The time parameters include the initial time step, BELT;

a multiplication factor for increasing the size of the time step, CDLT; the number
(.

of time steps; NUMT; and the simulation period, TMAX. Since the rate of water- 

level change decreases during a pumping period, the time step is increased by 

the factor CDLT each step (commonly 1.5). For any time step (k) the time

increment is given by

- BELT. = CDLT * BELT, n .
k k-1

DELT is the time step recorded on the data card.

'  The program has two options for selecting the time parameters:

1. To simulate a given period of time, select CDLT and an appropriate

DELT , and set NUMT greater than the expected number of time steps. The pro 

gram computes the required initial DELT (which will not exceed the value of 

DELT coded on card 1 of group IV) and NUMT to arrive exactly at TMAX 

on the final step.

II-3



2. To simulate a given number of time steps, set TMAX greater than the 

expected simulation period and the program will use DELT , CDLT and NUMT as 

specified on the time parameter card.

To minimize the error due to approximation of the time derivative, several 

time steps should be simulated before the first step at which results are dis 

played. This suggestion should be followed unless the system is nearly at 

steady state before the results are needed. In this case a one-step simulation 

may be satisfactory but this approach should be checked by making one run as 

a multi-step simulation so that the results can be compared.

For steady-state simulations, set the storage coefficient of each layer 

to zero. Compute for one time step of any length (for example, set TMAX =1, 

NUMT = 1, CDLT = 1, DELT =24) and the program should iterate to a solution. 

The maximum permitted number of iterations (ITMAX) should be larger for 

steady-state than for transient simulations.

Initialization. In addition to reading data and computing the time 

parameters this routine initializes other arrays and scalar parameters. In 

particular, note that the division of well discharge by the area of the block 

needs to be done only once for each pumping period. 

Subroutine STEP

Subroutine STEP initializes variables for a new time step and controls the 

printing and punching of results for designated time steps. In this routine, 

the computed head values, cumulative time and cumulative values for the mass 

balance parameters are punched on cards if PUN2 is specified in the options 

in group I of data input or are written on a previously defined data set on 

disk if DK2 is specified in the options.(See the section on technical 

information for details about the data set on disk).
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Subroutine SOLVE

This subroutine computes the SIP iteration parameters and has the SIP 

normal and reverse algorithms which are outlined in the section on numerical 

solution. The algorithm is shortened for computation on the lowermost and 

uppermost layers.

In this routine the usual (I,J,K) notation has been replaced in favor of 

single-subscript notation. Less time is involved in finding the value of a 

variable with a single subscript than in finding the value of one with three 

subscripts and as a consequence computational efficiency is improved. The 

subscripts used in this notation are defined in the code.

Computational efficiency is also improved by including the computation 

of the term S'/At and the coefficients B,D,F,H,S, and Z in this routine 

rather than in COEF.

If the permitted number of iterations1 for the time step is exceeded, the 

message "EXCEEDED PERMITTED NUMBER OF ITERATIONS" is printed. Following the 

message, the mass balance, head matrix and other data specified in the 

options are printed. This information is useful in determining the cause of 

non convergence. The mass-balance parameter values and head values for the 

last iteration are punched if PUNC is specified in the option or written on 

disk if DK2 is specified. These results can be used to extend the simulation 

if it appears that a solution can be obtained.
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Subroutine COEF

If the upper hydraulic unit is under water-table conditions, its 

transmissivity as a function of saturated thickness is recomputed every 

iteration. For those nodes where the computed head drops below the bottom 

elevation of the unit, a message T NODE I, J IN LAYER K GOES DRY 1 is printed. 

A similar message is printed if a well node goes dry. The hydraulic con 

ductivity at these nodes is set to zero and computation continues. No 

provision is made to permit these blocks to resaturate because the additional 

code for this special situation is not warranted in a general program.

The T coefficients TR, TC and TK may be computed once and saved for

artesian units; for water-table units, TR and TC are recomputed every 

iteration and TK stays constant until block K+l desaturates, then 

TK(I,J,K) = 0.0. They are defined as

(26.). 
xx[j+l]Ax

Ten j m - Tyy£i+i3 Tyy ( 26b)
TC(I,J,K) - + r^^Ay ; 

yy 'i+l yy[i+l]

2(bKZzWbKzz> (26c)
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Subroutine CHECK

A mass balance is computed in this routine. The results are expressed in 

two ways: 1) as a cumulative volume of water from each source and each type of 

discharge, and 2) as rates for the current time step. Note that 'leakage 1 

and f evapotranspiration 1 appear in the mass balance but are set to zero be 

cause these options are not included in the current version of the model.

In the cumulative mass balance, storage is treated as a source of water. 

Flow to and from constant-head boundaries is computed with Darcy's law using 

the gradients from constant-head nodes to adjacent nodes inside the porous 

medium. Other computations in the algorithm are self-explanatory. The 

difference between the sum of recharge sources and sum of discharges from the 

system is usually less than one percent.

To the right of the cumulative mass balance are printed the flow rates 

for the current time step. Below the cumulative mass balance are printed the 

flow rates to individual constant head nodes (if included in the simulation). 

This is followed by the net flow rate to the top layer from below and the net 

flow rate to the bottom layer from above.

The last item is the listing of the absolute value of the maximum head 

change for each iteration. This information is useful if convergence is slow 

with SIP because it may indicate that a slightly larger error criterion will 

give a satisfactory solution with considerably fewer iterations. 

Subroutine PRNTAI

This routine prints maps of drawdown and(or) hydraulic head for selected 

layers. Up to three characters are plotted for each block with the right 

most character as close to the location of the node as the printer will allow. 

The user specifies XSCALE and YSCALE, the multiplication factors required to 

change from units used in the model to units used in the map (in general they
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should be the same); DINCH, the number of map units per inch; FACT1 and FACT2, 

the multiplication factors for adjusting the values of drawdown and head to be 

plotted, respectively; MESUR, the name of the unit used on the map, and vectors 

LEVEL1 and LEVEL2 which contain the layers for which maps are to be printed. As 

an example, assume that the length unit used in the model is feet, the map is to 

be scaled at 3 miles per inch and drawdown values to the nearest foot and head 

values to, the nearest 10 feet are to be plotted for layers 1 and 3. Then 

XSCALE - YSCALE » 5280, DINCH = 3, FACT1 » 1; FACT2 * 0.1; MESUR = MILES; 

LEVEL1 (1) = LEVEL2 (1) = 1; and LEVEL1(2) = LEVEL2(2) = 3.

To print a map of maximum possible size, number the rows in the short 

dimension to take advantage of the orientation of the map on the computer page 

where the1 X direction is vertical and the Y direction horizontal. (See figure 10). 

The origin is the upper left-hand corner of the block for row 2, column 2. 

Orienting the map with the origin in the upper left hand corner, the right and 

bottom sides of the map include the node locations for the second to last 

column and row, respectively. The border is located to the nearest inch out 

side these node locations and may or may not fall on the block boundaries 

depending- on the scaling. The map is automatically centered on the page and 

is limited to a maximum of 12 inches (30 cm) in the Y direction. If the 

parameters for a map are specified such that the Y dimension is more than 

12 inches (30 cm) adjustments are automatically made to fit the map within 

this limit. A common mistake is to specify a value for Y scale that is less 

than 1.0. This generates the message 'NOTE: GENERALLY SCALE SHOULD BE > OR = l.O 1 

and a suitable adjustment is made to DINCH. In the X direction the map is 

limited only by the dimension of the NX vector (for example, when the dimension 

of NX is 100, the map is limited in the X direction to 100 - 1 = 99 inches 

[250 cm]). Several parameters (PRNT, BLANK, Nl, N2, N3, and XN1) are 

initialized in the BLOCK DATA routine to values that assume the line printer
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prints 6 lines per inch, 10 characters per inch, and .132 characters per line. 

These parameter values may need to be changed for a line printer with other 

specifications.

The PRNTAI subroutine can be modified to cycle a set of alphameric 

symbols for drawdown. If this type of map is desired, remove the C from 

column 1 of statements PRN1060 and PRN1230. This will cycle the symbols 

1,2,3,4,5,6,7,8,9,0 for drawdown. To plot a different set of symbols will 

require modification of the initialization of SYM in BLOCK DATA. To cycle 

more than 10 symbols will require more extensive changes to the initialization 

of SYM and modifications to the code in ENTRY PRNTA. 

BLOCK DATA

The BLOCK DATA routine initializes scalar parameters and arrays used in 

PRNTAI and other subroutines.

Technical Information

Use of disk facilities for storage of array data and interim results. 

Options are included in the program to enable storage and retrieval of array 

data (STRT, S, T, etc.) and the saving of interim head values without punching 

them oh cards. Use of these options can be particularly beneficial at remote 

terminals with low speed dafa transmission or without punch output capability. 

Also, the type of read statements used afford more efficient data transmission 

from disk than from cards.

Storage of array data is accomplished via a direct access data set that is 

defined by a DEFINE FILE statement in the main program (card MAN 0310) and by a 

DD statement in the JCL string used to execute the program. To establish the 

data set, the DEFINE FILE statement and the DD statement must indicate the 

amount of space that is required. The DEFINE FILE statement takes the 

following form:
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DEFINE FILE a-CXX-.fffiU-.KKK} MAN0310

where fff is the number of nodes per layer for the problem being solved 

(10 * JO) and XX is the number of records to be reserved for data set storage. 

The value of XX is 3 times KO, plus KO-1 if TK values are assigned, plus 2 

for the water table option, plus 1 for the recharge option. Parameters U 

and KKK are indicators and do not vary.

The DD statement contains information, such as account number, that 

will be different for each user. Also, the first reference to the data 

set is somewhat different from subsequent references. To utilize one of the 

disk packs for semi-permanent storage of user data, the first reference to the 

data set will take the following general form if the FORTGCG procedure is 

used to compile and execute the program.

//SO-FTD2F001 DD DSN = Data Set Name-, 

// UNIT=ONLINE-.DISP=-CNEiil-.KEEP>-. 

// SPACE*-Cffff-.-CXX»,DCB=-CRECFI1=F>

where ffff is the number of bytes per record that are to be reserved and

should be set equal to 10 * JO [*4].

When this initial allocation is processed the system will indicate in the 

HASP system log, JCL string output, the volume on which the data set was 

established (for example, SYS011 or SYS015). Subsequent use of the data set 

must indicate this information by modifying the underlined parameters in

the initial reference to the data set. Thus the DD statement will read:

t 
//GC-FTDEFDDl DD DSN=Data Set Name-,

// UNIT=ONLINE-.DISP=SHRWOL =
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where the DSN parameter is the same as the initial run and YYYYYY indicates 

the volume (for example, SYS015) on which the data set was established by the 

initial run. The individual data arrays that are to be stored and later 

retrieved from this data set are specified on the parameter card for each 

array. These specifications are discussed completely in Appendix III.

Interim results. The initial head, cumulative simulation time, and mass 

balance parameters may be read from a data set on disk if DK1 is specified 

in the options. These data are the results of a previous simulation run and 

were written on disk because DK2 was specified in the previous run. They permit 

intermediate results to be examined before extending the simulation period. The 

same procedure also applies in simulations where the permitted number of iterations 

is exceeded.

The unit number for the data set is 4; an example of the JCL required to 

generate space for the data set on a disk is given below:

//STEP1 EXEC PCn=IEFBRm

//SYSUT1 DP DSN=Data Name Set-, V0L = SER=Disk Name-, UNIT=3330-.DISP = {NEIiJ-, KEEP}-,

Note that with the data set defined this way an extra 28K bytes of storage 

are required for the two buffers. If the block size is reduced, the storage 

required for the buffers is reduced correspondingly. If a procedure such as 

FORTGCG is used, insert a card analogous to

//GO-FTOMFOOl DD UNIT=3330-,VOL= )isk Name-,DISP=SHR-,]>SN=Data Set Name 

before the //GO.SYSIN DD * card to define unit 4.
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JCL to execute a compiled program which includes unit 4 follows:

/ / Job card

//A EXEC P6n= Program Name-, REGION=mQKiTiriE = 3

//STEPLIB DD DSN='Data Set Name' -,VOL=SER=3)isk Name-,UNIT=3330iDISP =

//FTQMF001 DD UNIT=3330iVOL=SER=Disk Name-i DISP=SHRnDSN=Data Set Name

//FTDbFOOl DD SYSOUT=A

//FTD7FD01 DD SYSOUT=B

//FTDSFDD1 DD *

DATA

/*

Unless the program is modified, writing on unit 4 destroys data previously

written on this unit.

Storage Requirements. The amount of core that is needed can be found 

in table 3.

Table 3---Core requirements for compiling and executing program

Item K bytes required

For compilation
FORTRAN G, LEVEL 21 
FORTRAN H, OPT«2

120
250

For execution
FORTRAN G, LEVEL 21 
FORTRAN H, OPT«2

BUFFERS 
Unit 4 
Unit 2

Vector Y

88
72

28
((IO*JO*4+Zf)/1000)*2 

Xft/256

t.

ft

Round IO*JO*4 up to the nearest 2000 bytes (for example, if IO*JO*4=6400, 
let Z=1600 and the buffer space for Unit 2 will be 16K).

X is the dimension of Y in the main program.
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Computation time. Computation time is a function of many variables but 

as an approximation, about 0.001 second of CPU time on the IBM 370/155 is 

required for each interior node each iteration using the FORTRAN H, OPT = 2 

compiler. For example, a steady-state problem designed by Weeks and others 

(1974) with 2116 interior nodes requiring 25 iterations to satisfy the 

error criterion took 51 seconds of CPU time.

Using a source code generated with the FORTRAN G, LEVEL 21 compiler, 

the computation time is increased by about one half.

FORTRAN IV. The program includes several FORTRAN IV features that are 

not in ANS FORTRAN (for example, ENTRY, END parameter in read statement, mixed- 

mode expressions, G format code, literal enclosed in apostrophes). If the 

program is used at a computer center where the FORTRAN compiler does not 

include these extensions, programmers at the selected installations may be 

available to modify the computer code as necessary. 

Program Limitations

The model documented in this report was motivated primarily by a need 

to find a substitute for Bredehoeft and Finder's (1970) quasi three- 

dimensional model. Consequently, the model should be reasonably free of errors 

for this type of simulation. The model has not been tested on all types of 

simulations in which equation 3 is being solved. Consequently, undiscovered 

errors in the logic may appear as the model is applied to new problems. I would 

appreciate hearing about 'bugs 1 in the logic so that corrections can be made 

and other users informed.

The finite-difference model for simulation of ground-water flow in two 

dimensions (P.C. Trescott, G.F. Finder and S.P. Larson, written communication, 

1975) includes evapotranspiration and an approximation to transient effects
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of confining beds in the source term, and permits an aquifer to change from 

artesian to water-table conditions. Some of these features (particularly 

evapotranspiration) can be added to the three-dimensional model with only 

moderate changes to the code.
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APPENDIX III 

DATA DECK INSTRUCTIONS

Group I: Title, Simulation Options and Problem Dimensions

This group of cards, which are read by the main program, 
contains data required to dimension the model. To specify an option 
on card 4 punch the characters underlined in the definition. For an 
option not used, that section of the card 4 can be left blank.

Note: Default typing of variables applies for all data input.

CARD

1

2

3

4

COLUMNS

1-80

1-52

1-10

11-20

21-30

31-40

41-50
1-4

6-9

11-14

16-18

21-23

26-29

31-34

FORMAT

20A4

I3A4

110

110

110

110

no
A4

A4

A4

A3

A3

A4

A4

VARIABLE

HEADING

it

10

JO

KO

ITMAX

NCR

IDRAW

IHEAD

IFLOW

IDK1

IDK2

IWATER

IQRE

DEFINITION

Any title the user wishes to
print on one line at the start
of output.

Number of rows

Number of columns

Number of layers

Maximum number of iterations
per time step

Number of constant head nodes

DRAW to print drawdown

HEAD to print hydraulic head

MASS to compute a mass balance

OKI to read initial head,
elapsed time, and mass balance
parameters from unit 4 on disk

DK2 to write computed head,
elapsed time, and mass balance
parameters on unit 4 (disk)

WATE if the upper hydrologic
unit is unconfined

RECH for a constant recharge
that may be a function of space
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CARD COLUMNS 

36-39

41-44

46-49

FORMAT VARIABLE

A4

A4

A4

IPU1

IPU2

ITK

DEFINITION

PUN1 to read initial head, 
elapsed time, and mass balance 
parameters from cards

PUN2 to punch computed head, 
elapsed time, and mass balance 
parameters on cards

ITKR to read the value of TK(I,J,K) 
for simulations in which confining 
layers are not represented by
layers of nodes. TK(l,J,K) « K /b

zz
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Group II: Scalar parameters

The parameters required in every problem are underlined. The 
other parameters are required as noted; when .not required, their location 
on the card can be left blank. The G format is used to read E, F and I 
format data. Minimize mistakes by always right-justifying data in the 
field. If F format data do not contain significant figures to the right 
of the decimal point, the decimal point can be omitted.

COLUMNS 
1-10

11-20

FORMAT VARIABLE

G10.0

G10.0

NPER

KTH

DEFINITION

Number of pumping periods for 
the simulation

Number of time steps between printouts

Note: To print only the results for the final time step in 
a pumping period, make KTH greater than the expected number 
of time steps. The program always prints the results for the 
final time step.

21-30 G10.0 ERR Error criteria for closure (L)

Note: When the head change at all nodes on subsequent iterations 
is less than this value (for example, 0.01 foot), the program 
has converged to a solution for the time step.

31-40 
1-10

11-20

21-30 

31-40

41-49

G10.0 LENGTH Number of iteration parameters

G10.0 XSCALE Factor to convert model length
unit to unit used in X direction 
on maps (e.g. to convert from 
feet to miles, XSCALE - 5280).

For no maps, card 2 is blank

G10.0 YSCALE Factor to convert model length
unit to unit used in Y direction 
on maps.

G10.0 DINCH Number of mat) units per inch

G10.0 * FACT1 Factor to adjust value of
drawdown printed*

911 LEVELl(I) Layers for which drawdown maps are
to be printed. List the layers starting 
in columun 41; the first zero 
entry terminates the printing of 
drawdown maps.
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CARD COLUMNS 

2

FORMAT VARIABLE

51-60

61-69

71-78

1-20 

21-40

41-60

61-80

1-20

21-40

41-60

61-80

1-20

21-40

41-60

*Value of 
drawdown 
or head

52.57

G10.0

911

A8

G20.10 

G20.10

G20.10

G20.10

G20.10

G20.10

G20.10

G20.10

G20.10

G20.10

G20.10

FACT 1 
FACT ̂ 2

0.01 
0.1 
1.0 
10.0 

100.0

FACT2

LEVEL2(I

MESUR

SUM X 

SUMP \

PUMPT

CFLUXT i

QRET (

CHST ?

CHDT 1

FLUXT \

STORT

ETFLXT

FLXNT J

or Printe< 
value

1 
5 

53
526 
***

DEFINITION

Factor to adjust value of head 
printed*

Layers for which head maps are 
to be printed. List layers 
starting in column 61; the first 
zero entry terminates the printing 
of head maps.

Name of map length unit.

Parameters in which elapsed time and 
cumulative volumes for mass balance 
are stored. For the start of a simula 
tion insert three blank cards. For 
continuation of a previous run using 
cards as input, replace the three blank 
cards with the first three cards of 
punched output from the previous run. 
Using data from disk for input, leave 
the three blank cards in the data deck.
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Group III; Array Data

Each of the following data sets Cexcept data set 1) consists of 
a parameter card and, if the data set contains variable data, a set of 
data cards. If the data set requires data for each layer, a parameter card and 
data cards (for layers with variable data) are required for each layer. Each 
parameter card contains at least five variables:

CARD COLUMNS

Every 1-10
Parameter
Card

FORMAT VARIABLE

G10.0 FAC

DEFINITION

If IVAR - 0, FAC is the value 
assigned to every element of the 
matrix for this layer.

11-20

21-30

G10.0 IVAR

G10.0 IPRN

If IVAR - 1, FAC is the multiplication 
factor for the following set of data 
cards for this layer.

* 0 if no data cards are to be read 
for this layer.

* 1 if data cards for this layer follow.

38 0 if input data for this layer are 
to be printed;

31 1 if input data for the layer are not 
to be printed.

Trans- 
missivity 
Parameter 31-40 
Cards also 
have these 
Variables

41-50

51-60

71-80

G10.0 FACT(K,1)

G10.0

G10.0

FACT(K,2) 

FACT(K,3)

multiplication factor for transmissivity 
in x direction

multiplication factor for transmissivity 
in the y direction

multiplication factor for hydraulic 
conductivity in the z direction. 
(Not used when confining bed nodes 
are eliminated and TK values are read)

Every 61-70 G10.
Parameter
Card

0 IRECS = 0
or
FAC

if the
if

 

each
matrix is being read from cards
element is being set equal to

G10.0 IRECD

* 1 if the matrix is to be read from 
disk (unit 2)

- 0 if the matrix is not to be stored 
on disk.
= 1 if the matrix being read from cards 
or set equal to FAC is to be stored on 
disk (unit 2) for later retrieval.
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When data cards are included, start each row on a new card. To 
prepare a set of data cards for an array that is a function of space, 
the general procedure is to overlay the finite-difference grid on a 
contoured map of the parameter and record the average value of the 
parameter for each finite-difference block on coding forms according to 
the appropriate format. In general, record only significant digits and 
no decimal points (except for data set 2); use the multiplication factor 
to convert the data to their appropriate values. For example, if DELX 
ranges from 1000 to 15000 feet, coded values should range from 1-15; 
the multiplication factor (FAC) would be 1000.

DATA SET COLUMNS FORMAT VARIABLE DEFINITION

1 1-80 8F 10.4 PHI(I,J,K) Head values for continuation
of a previous run (L)

Note: For a new simulation this data set is omitted. Do not include a 
parameter card with this data set.

2 1-80 8F 10.4 STRT(I,J,K) Starting head matrix (L)

3 1-80 20F 4.0 S (I,J,K) Storage coefficient (dimensionless)

Note: This matrix is also used to locate constant head boundaries by coding
a negative number at constant head nodes. At these nodes T must be greater than
zero. If equation 3 is to be solved, read specific storage instead of

storage coefficient.

4 1-80 20F 4.0 T(I,J,K) Transmissivity (L /t)

Note 1) Zero values are required around the perimeter of the T matrix
for each layer for reasons inherent in the computational scheme. 
This is done automatically by the program.

2) See the previous page for the additional requirements on the 
parameter cards for this data set.

3) If the upper active layer is unconfined and PERM and BOTTOM are 
to be read for this layer, insert a parameter card for this layer 
with only the values for FACT on it. if equation 3 is to be solved 
read hydraulic conductivity insteady of transmissivity.

5 1-80 20F 4.0 TK(I,J,K) K /bzz
Note: This data set is read only if specified in the options. The number of 

layers of TK values » K 1 - 1. See the discussion of the treatment 
of confining layers.

6 1-80 20F 4.0 PERM(I,J) Hydraulic conductivity (L/T)
(see note 1 for data set 4)

7 1-80 20F 4.0 BOTTOM(I,J) Elevation of bottom of water- 
table unit (L)
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DATA SET COLUMNS FORMAT VARIABLE DEFINITION

Note: Data sets 6 and 7 are required only for simulating unconfined 
conditions in the upper hydrologic unit.

8 1-80 20F 4.0 QRE(I,J) Recharge rate (L/T) 

Note: Omit if not used

9 1-80 8G10.0 DELX(J) Grid spacing in x direction (L)

10 1-80 8G10.0 DELY(I) Grid spacing in y direction (L)

11 1-80 8G10.0 DELZ(K) Grid spacing in z direction (L)
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Group IV: Parameters that change with the pumping period 

The program has two options for the simulation period:

1. To simulate a given number of time steps, set TMAX to a 
value larger than the expected simulation period. The 
program will use NUMT, CDLT, and BELT as coded. if jjjjjjj

is greater than 50 change the dimension of ITT0 in 
subroutine STEP to the appropriate size.

2. To simulate a given pumping period, set NUMT larger than 
the number required for the simulation period (for example, 
50). -The program will compute the exact BELT (which will 
be £ BELT coded) and NUMT to arrive exactly at TMAX on the 
last time step.

GARB COLUMNS FORMAT VARIABLE BEFINITION

1 1-10 G10.0 KP Number of the pumping period

11-20 G10.0 KPM1 Number of the previous pumping period

Note: KPM1 is currently not used

21-30 G10.0 NWEL Number of wells for this pumping 
: period

31-40 G10.0 TMAX Number of days in this pumping
period

41-50 G10.0 NUMT Number of time steps

51-60 G10.0 CBLT Multiplying factor for BELT

Note: 1.5 is commonly used 

61-70 G10.0 BELT Initial time step in hours

If NWEL: 0 the following set of cards is omitted

BATA SET 1 (NWEL cards)

COLUMNS FORMAT VARIABLE BEFINITION

1-10 G10.0 K Layer in which well is located 

11-20 G10.0 I Row location of well

21-30 G10.0 J Column location of well
3

Pumping rate (L /t) 
for a pumping well.

3 
31-40 G10.0 WELL(I,J,K) Pumping rate (L /t), negative

For each additional pumping period, another set of group IV cards is 
required (that is, NPER sets of group IV cards are required).
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APPENDIX IV 

EXAMPLE SIMULATION

The following pages illustrate the data input and results of the 

steady-state simulation of a hypothetical problem including two aquifers 

separated by a confining layer (figure 11). Boundaries are no-flow except 

for a constant-head boundary along the left side of the upper aquifer. The 

aquifers are identical except that the upper aquifer is unconfined. The 

confining bed is not represented by a layer of nodes because only vertical 

flow is simulated and this is incorporated in the equations for the two 

aquifers. The finite-difference grid, therefore, consists of two layers of 

nodes with uniform grid spacing. There are two discharging wells, one in each 

of the two aquifers.

Table 4 lists the data input required for this simulation. The format 

for data are given in Appendix III. The location of numbers on the data 

cards should not be difficult to determine because they are either in 

fields of 4 or 10 spaces. In general, zero values have not been coded.

The printout of this simulation follows Table 4 and is either self- 

explanatory or has been discussed in Appendix II.
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Recharge

Constant-head 
boundary //I   _ _£T^ ^ ̂  ~ Datum

Nodes for layer 1

Figure 11.-Schematic illustration of example problem,
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APPENDIX V 

DEFINITION OF PROGRAM VARIABLES

A DUMMY ARRAY NAME USED TO INPUT MATRIX DATAI
R TC(I-l*JtK)/OELY<IM
BOTTOM ELEVATION OF THE BOTTOM OF THE UPPER UNIT!
COLT MULTIPLYING FACTOR FOR THE TIME STEPI
0 TR(I»J-1»K)/OELX(U)!
DON VECTOR THAT CONTAINS DRAWDOWN VALUES (L) I
DELT TIME INCREMENT (T)I
DELX GRID SPACING IN THE X DIRECTION (L>!
DELY GRID SPACING IN THE Y DIRECTION <D!
CELZ GRID SPACING IN THE 2 DIRECTION <L)I
DLM DUMMY ARRAY USED TO COMPLETE THE ARGUMENT LIST FOR ENTRY

	ARRAY WHEN THE LAST 3 ELEMENTS ARE NOT REQUIRED! 
FL ELEMENT OF UPPER TRIANGULAR FACTOR U» 
ERR CLOSURE CRITERIA (LM 
F TR(ItJtK)/DELX(JM
FAC SEE EXPLANATION IN GROUP III I ARRAY DATA!
FL ELEMENT OF UPPER TRIANGULAR FACTOR U!
FLOW FLOW RATE TO A CONSTANT-HEAD NODE (L**3/T)I
GL ELEMENT OF UPPER TRIANGULAR FACTOR Ul
H TC(ItJtK)/DELY(I>!
HEADNG TITLE FOR SIMULATION!
10 NUMBER OF ROWS!
ICHK VECTOR CONTAINING PROBLEM OPTIONS!
ICK1 OPTION TO READ HEAD DATA FROM DISK!
ICK2 OPTION TO WRITE RESULTS ON DISK!
IORAW OPTION TO PRINT DRAWDOWN!
IERR * 2» PROGRAM HAS EXCEEDED PERMITTED ITERATIONS!
IFINAL » 0 ALL TIME STEPS EXCEPT THE LAST!

	* 1 LAST TIME STEP IN PUMPING PERIOD! 
IFLO OPTION TO COMPUTE A VOLUMETRIC BALANCE! 
IHEAD OPTION TO PRINT HEAD MATRIX! 
IK.JK.K5 DIMENSIONS OF TK ARRAY! 
IMAX MAXIMUM OF lOtjO!
IN DUMMY ARRAY USED TO PRINT MATRIX NAMES IN DATAI!
INFT AN ARRAY OF FORMATS USED TO READ MATRIX DATA!
ICFT AN ARRAY OF FORMATS USED TO PRINT MATRIX DATA!
IP«JP DIMENSIONS OF PERM AND BOTTOM ARRAYS!
IPRN SEE EXPLANATION IN GROUP II11 ARRAY DATA!
IPU1 OPTION TO READ HEAD AND MASS BALANCE VALUES FROM CARDS!
IPU2 OPTION TO PUNCH RESULTS ON CARDS!
IfltjQ DIMENSIONS OF QRE ARRAY!
TORE OPTION FOR RECHARGE!
ISUM THE CUMULATIVE WORDS OF STORAGE USED IN THE VECTOR Y!
IRECD SEE EXPLANATION IN GROUP lilt ARRAY DATA!
IRECS SEE EXPLANATION IN GROUP Hit ARRAY DATA!
IRN COUNTER TO INDICATE THE CURRENT RECORD NUMBER IN THE

	DIRECT ACCESS DATA SET! 
IT ITERATION COUNTER!
ITMAX MAXIMUM NUMBER OF ITERATIONS PER TIME STEP!
ITMX1 ITMAX*!!
ITTO VECTOR CONTAINING TOTAL NUMBER OF ITERATIONS PER TIME STEP!
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IVAR SEE EXPLANATION IN GROUP III I ARRAY DATA!
IWATER OPTION FOR WATER-TABLE CONDITIONS IN UPPER LAYER!
JO NUMBER CF COLUMNS!
JFLC ARRAY CONTAINING LOCATION OF CONSTANT-HEAD NODES!
KO NUMBER CF LAYERS!
KP NUMBER OF THE PUMPING PERIOD!
KPM1 NOT CURRENTLY USED!
KT TIME STEP COUNTER!
*TH NUMBER CF TIME STEPS BETWEEN PRINTOUTS!
L VECTOR CONTAINING INITIAL ADDRESS OF ARRAYS!
LENGTH NUMBER CF ITERATION PARAMETERS!
LEVEL1 VECTOR CONTAINING LAYERS FOR WHICH DRAWDOWN MAPS ARE

	TO BE PRINTED! 
LEVEL2 VECTOR CONTAINING LAYERS FOR WHICH HEAD MAPS ARE

	TO BE PRINTED!
NAME AN ARRAY OF MATRIX NAMES!
NCH NUMBER CF CONSTANT-HEAD NODES!
NPER NUMBER GF PUMPING PERIODS!
NLMT NUMBER OF TIME STEPS!
NfeEL NUMBER OF WELLS FOR A PUMPING PERIOD!
OLD HEAD AT THE END OF THE PREVIOUS TIME STEP!
PERM HYDRAULIC CONDUCTIVITY OF THE UPPER UNIT!
PHI HYDRAULIC HEAD (L)!
QR REChARGE RATE(L/TM
ORE RECHARGE RATE (L/T)!
RHO S/OELT (1/T)!
RHOP VECTOR CONTAINING ITERATION PARAMETERS!
S STORAGE COEFFICIENT!
STRT HYDRAULIC HEAD AT THE START OF THE SIMULATION!
SU TK(I,J,K)/OELZ(K)!
SLM TOTAL ELAPSED TIME IN THE SIMULATION <T)!
SUMP TOTAL ELAPSED TIME IN THE PUMPING PERIOD <T)I
T TRANSMJSSIVITY (L«*2/T)!
TC HARMONIC AVERAGE OF T/DELY 9 I*l/2rJ»K (L/T)!
TEST « 0 CLOSURE CRITERIA SATISFIED!

	* 1 CLOSURE CRITERIA NOT SATISFIED!
TEST3 MAXIMUM CHANGE IN HEAD FOR THE TIME STEP!
TF AN ARRAY USED TO READ AND TRANSFER DIRECTIONAL

	TRANSMISSIVITY FACTORS!
TK HARMONIC AVERAGE OF BK/DELZ 9 I»0»K*l/a (L/T)!
THAX NUMBER OF DAYS IN THE PUMPING PERIOD (T)!
TR HARMONIC AVERAGE OF T/OELX * I,J*1/2»K (L/T)I
V INTERMEDIATE VECTOR!
WELL WELL DISCHARGE (L»«3/T)!
XI ARRAY CONTAINING INCREMENTAL HEAD VALUES IN SIP SOLUTION (L)!
Y VECTOR CONTAINING ARRAY STORAGE!
2 TK(I»J»K-1)/OELZ(K),

DEFINITION OF VARIABLES IN CHECKI SUBROUTINE

CFLUX INFLOW FROM RECHARGE WELLS (L»«3/T)!
CFLUXT CUMULATIVE VOLUME OF WATER FROM RECHARGE WELLS (L««3)!
CHOI RATE OF OUTFLOW TO CONSTANT HEAD BOUNDARY <L*«3/TH
CHD3 RATE OF INFLOW FROM CONSTANT HEAD BOUNDARY (L«»3/T)!
PHOT CUMULATIVE DISCHARGE TO CONSTANT HEAD BOUNDARY (L»«3>!
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OST CUMULATIVE VOLUME OF WATER INFLOW FROM CONSTANT
	HEAD BOUNDARY <L*«3>I

OIFF ERROR IN MASS BALANCE <L»«3H
ETFLUX EVAPOTRANSPIRATION RATE <L»»3/T)!
ETFLXT CUMULATIVE DISCHARGE BY ET <L»«3>!
FLUX RATE OF LEAKAGE DUE TO GRADIENTS AT THE START

	OF THE PUMPING PERIOD <L«»3/T)! 
FLUXS NET LEAKAGE RATE <L»«3/T)! 
FLXN RATE OF DISCHARGE BY LEAKAGE <L*«3/T>!
FLXKT CUMULATIVE VOLUME OF WATER DISCHARGED BY LEAKAGE (L»*3)I
FLXPT CUMULATIVE VOLUME OF WATER INFLOW FROM LEAKAGE (L»»3)I
PERCNT PERCENT ERROR IN CUMULATIVE MASS BALANCE!
PtjMP DISCHARGE FROM WELLS (L»»3/T) f
PUMPT CUMULATIVE VOLUME OF WATER DISCHARGED BY PUMPING WELLS <L»*3)!
QREFLX RECHARGE RATE (L»»3/T)I
QRET CUMULATIVE VOLUME OF WATER DERIVED FROM RECHARGE (L»«3)I
STOR RATE OF CHANGE IN STORAGE FOR THE TIME STEP <L»«3/T)I
STORT CUMULATIVE VOLUME OF WATER DERIVED FROM STORAGE <L»*3) I
SLMR SUM OF RECHARGE AND DISCHARGE RATES FOR THE TIME STEP <L**3/T)I
TCTL1 CUMULATIVE VOLUME OF WATER FROM ALL SOURCES (L*«3)I
TCTL2 CUMULATIVE VOLUME OF WATER DISCHARGED FROM THE SYSTEM (L»*3H
X NET FLOW TO BOTTOM LAYER (L»«3/T)I
Y NET FLOW TO TOP LAYER <L»»3/T).

DEFINITION OF VARIABLES IN THE PRINTAI SUBROUTINE

BLANK CONTAINS BLANK SYMBOLS!
DINCH NUMBER OF MAP UNITS PER INCH!
OIST LOCATION OF NEXT COLUMN OF NODAL VALUES TO BE PRINTED!
FACT1 FACTOR FOR ADJUSTING VALUE OF DRAWDOWN PRINTED!
FACT2 FACTOR FOR ADJUSTING VALUE OF HEAD PRINTED!
K ADJUSTED VALUE OF DRAWDOWN OR HEAD!
LA LAYER FOR WHICH A MAP IS BEING PRINTED!
MESUR NAME OF MAP LENGTH UNIT!
N INDEX FOR SYMBOLS!
NA INDICES FOR LOCATING X LABEL!
NC NUMBER OF BLANKS BEFORE GRAPH!
NG « If FOR DRAWDOWN MAP!

	» 2» FOP HEAD MAP!
Nl NUMBER OF LINES PER INCH!
N2 NUMBER OF CHARACTERS PER INCH!
N3 NUMBER OF CHARACTERS PER LINE!
N4 NUMBER OF LINES IN THE PLOT!
N8 MAXIMUM NUMBER OF CHARACTERS IN Y DIRECTION!
NXO NUMBER -OF INCHES IN THE X DIMENSION OF PLOT!
NYO NUMBER OF INCHES IN THE Y DIMENSION OF PLOT!
PRNT CONTAINS THE ARRANGEMENT OF SYMBOLS FOR EACH LINE!
SPACNG CONTOUR INTERVAL CLM
SYM VECTOR CONTAINING SYMBOLS USED IN THE PLOT!
TITLE TITLE F>OR PLOT!
VFlfVF2fVF3 VARIABLE FORMATS FOR CENTERING PLOT!
WIDTH WIDTH OF MODEL (L) I
XLABEL LABEL FOR X AXIS!
XK NUMBERS FOR X AXIS!

V - 3



XM 1 JNCH/<N1»2) I
XSCALE MULTIPLICATION FACTOR TO CONVERT MODEL LENGTH UNIT

TO UNIT USED IN X DIRECTION ON MAPS! 
XSF X SCALE FACTOR!
YOIM LENOTH OF AQUIFER IN Y DIRECTION (L). 
YLABEL LABEL FCR Y AXISI
YLEN LOCATION OF NEXT VALUE IN THE COLUMN TO BE PRINTED? 
YN NUMBERS FOR Y AXISI 
YSCALE MULTIPLICATION FACTOR TO CONVERT MODEL LENGTH UNIT

TO UNIT USED IN Y DIRECTION ON MAPS! 
YSF Y SCALE FACTOR I 
2 LOCATION OF NEXT LINE TO BE PRINTED.
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APPENDIX VI 

Program Listing

c ............  ...............................................-..*MANOO 10
C FINITE-DIFFERENCE MODEL FOR SIMULATION OF GROUND-WATER FLOW IN HAN0020 
C THREE DIMENSIONS, SEPTEMBERt 1975 BY P.C. TRESCOTT, U. S. 6, S. MAN0030 
C WITH CONTRIBUTIONS TO MAIN, OATAI AND SOLVE BY S.P. LARSON HAN0040 
c ..         ..-....-.. .....-..-.    ........  ................MAN0050
C MAN0060
C SPECIFICATIONS* MAN0070

REAL «8YSTR MAN0080
C MAN0090

DIMENSION Y(102000)» L<25)» HEADNG(33)t NAME(42)t INFT(2»2), IOFT(HAN0100
19,4), DUM(3) MAN0110

C MAN0120
EQUIVALENCE (YSTRtY(D) MAN0130

C HAN0140
COMMON /INTEGR/ 10»JO,KO»II,Jl»K1* I,J»K,NPER»KTH»ITMAX*LENGTH,KP,NMAN0150
lWELtNUMTtIFINALfITiKTtlHEADtIDRAWtIFLOtIERRtI2tj2tK2tXMAXtlTMXltNCMAN0160
2HtIOKltIOK2tIWATERtXOREtIPtJPfXQtJQfXKtJK»K5fXPUltXPU2fXTK HANOI70
COMMON /SPARAM/ TMAXtCQLTtDELTfERRtTESTtSUMtSUMPtOR MAN0180
COMMON /SARRAY/ ICHK(13).LEVEL1(9)tLEVEL2(9) MAN0190

C MAN0200
DATA NAME/2*4H t4H St4HTART r4HlN<3 »«HMEADt4H »4H STO»4HRA6MAN0210
!Et4H COE,4HFFIC,4HIENT,2»4H ,4H TR*4HANSM»4HXSSI»4HVITY f 5«4H MAN0220
2 t4H TKt4H HY.4HORAUt4HLIC t4HCONDt4HUCTIt4HVITY,2*4H »4H60TMAN0230
3Tt4HOM E»4HLEVA,4HTION,2*4H ,4H Rt4HECHA,4HRGE .4HRATE/ MAN0240
DATA INFT/4H(20F,4H4.0),4H(8F1,4H0.4)/ MAN0250
DATA IOFT/4H(lHO»4HtI2,t4H2X,2,4HOF6.t4Hl/(5t4HX»20»4HF6.1»4H)) .MAN0260

14)H »4H(1HO,4H,I5,»4H14F9,4H.5/(»4H1H ,r4H5X,1t4H4F9.t4H5)) »4H MAN0270
2 t4H(lHO,4H,I5t,4HlOEU»4M2.5/,4H(lH t4Ht5X,,4H10E1»4H2.5),4H) MAN0280
3r4H(XHOf4HtX5t»4H10Elf4Hl.3/r4H(XH »4Ht5Xtr4Hl0£1t4M1.3)t4H) / MAN0290

C MAN0300
DEFINE FILE 2(8,1520,U»KKK) MAN0310

C                                                                  »MAN0320
C MAN0330 
C  -READ TXTLEt PROGRAM .SIZE AND OPTIONS   MAN0340 

READ (5,200) HEADNG MAN0350 
WRITE (6,190) HEADNG MAN0360 
READ (5,160) IOrJO,KO,ITMAX,NCH MAN0370 
WRITE (6,180) lOiiJOtKOtlTMAXtNCH MAN0380 
READ (5,210) IDRAWtXHEAOfXFLO»XDKltXDK2fIWATERtIQREfIPUltIPU2tXTK MAN0390 
WRITE (6*220) IDRAW«IHEADtXFLOtXDKl»XOK2»IWATERtIQRE*IPUItXPU2fITKMAN0400 
XERR*0 MAN0410 

C MAN0420 
C   COMPUTE DIMENSIONS FOR ARRAYS   MAN0430 

J1-JO-1 MAN0440 
I1«IO-1 MAN0450 
K1«KO-1 MAN0460 
I2«IO-2 MAN0470 
J2-JO-2 MAN0480 
K2-KO-2 MAN04-90 
XlMAX*MAXO(XO*iJO) MAN0500 
NCD*MAXO(lrNCH) MAN0510 
ITMX1«ITMAX*1 MANOS20 
ISI2*IO<MO«KO MAN0930 
IKl«IO«JO MANOS40 
IK2*MAXO(IK1*K1,1) MAN0550 
ISUM«2«ISIZ*l MAN0560
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DC 30 I«2»14
IF (I.NE.8) GO TO 20
L(8)«ISUM
ISUM«ISUM*IK2
IF (IK2.EQ.1) 60 TO 10
IK«IO
JK.JO
K5«K1
GO TO 30 

10 IK.l
JK«1
K5»l

GO TO 30 
20 UI>*ISUM

XSU*«XSUM*ISIZ 
30 CONTINUE

U15)«ISUM
ISUHMSUM+JO
U16)«ISUN
ISUH«ISUM*IO
LU7)«ISUH
ISUM-ISUM+KO
L(18)«ISUM
ISUM*ISUM*IMAX
L(19)>ISUM
ISUM»ISUM*KO«3

ISUH«ISUM*ITMX1
L<21)«ISU«
I.SUM«ISUM*3»NCD
L(22)«ISUH
ISUM«ISUM*NCD
L<23)«ISUM
IF <IWATER.NE.ICHK(6) ) -GO TO 40
ISUM-ISUM+IK1

I.SUM«ISUM*IKI
XP*IO 
JP«JO 
GO TO 50 

40 ISU»*XSUM*1

JP«1 
50 L(25)«ISUM

IF (IQRE.NE.XCHKC7)) GO TO 60
ISUH«ISUM*IK1
IO-IO
JO.JO
GO TO 70 

60 ISUM«ISUM*1

J0«l 
70 WRITE (6*170)

MAN0570 
HAN0580 
MAN0590 
MAN0600 
MAN0610 
MAN0620 
HAN0630 
MAN0640 
MAN0650 
MAN0660 
MAN0670 
MAN0680 
MAN0690 
HAN0700 
MAN0710 
MAN0720 
MAN0730 
MAN0740 
MAN0750 
MAN0760 
MAN0770 
MAN0760 
MAN0790 
MAN0800 
MAN0810 
MAN0820 
MANOQ30 
HAN0840 
MAN0850 
HAN0860 
MAN0670 
HAN0860 
HAN0890 
MAN0900 
MAN0910 
MAN0920 
HAN0930 
MAN0940 
MAN0950 
MAN0960 
MAN0970 
MAN0980 
MAN0990 
MAN1000 
MAN1010 
MAN1020 
MAN1030 
MAN1040 
MAN1050 
MAN1060 
MAN1070 
MAN1080 
HAN1090 
MAN1100 
MANUIO 
MANH20
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C MAN1130
C   PASS INITIAL ADDRESSES OF ARRAYS TO SUBROUTINES-  MAN1140

CALL OATAl(Y(L(l))tY{L<2))fY(L<3))»Y(L(4)),YU(5)) tY<L(6))tY(L(7))MANU50
l«YCL(8))fY{L<9))tY(L(15))tY(L(16))»Y<L<17)) tY<LU9)),Y(L(23))tY(L(MANn60
224))iY(L(25))) MAN1170
CALL STEP(Y<L(l))tYlL(2))iY(L(3))tY(L(4)),Y(L(5))tY(L(6)),Y(L(7))tMAN1180
1Y<L(8)) tY(L(9))tY<L(l5))tY<L(16))tY(LU7))tY<L<l9)),Y<LU8))tY<L(2MAN1190
20))) MAN1200
CALL SOLVE<Y(LU))iY(L<2))iY(L<3))tY(L(4))tY<L(5))tY(L(6))tY(L(7))MAN1210
l»Y{L(8))iY(L(9))fY(L(15))»Y<L(16))tY<L<17))iY<LU9))iY{L(10))tY(L<MAN1220
2ll)).Y(LU2))tY(L(13))tY(L(14)),Y(L(20))iY(L(25))) MAN1230
CALL COEF(Y(L(l))tY(L<2))tY(L(3)).Y(L(4))tY(L(5)),Y(L(6))tY(L(7)),MAN1240
lYtLC8))iY<L<9))tY(LU5))»Y(L(16))tY(LU7))»Y(L(19))tY(L(23))iY(L(2MAN1250
24))tY(L(25))) MAN1260
CALL CHECKKY(LU)) tY(L<2))»Y(L(3))»Y(L<4)),Y(L(5)),Y(L(6))fY(L(7)MAN127Q
l)»Y{L(8))tY(L(9)),Y{L(15))fY<L(16))»Y(LU7))tY(LU9))tY(L(2l))iY(LMAN1280
2(22))tY(L(25)» MAN1290
CALL PRNTAI<Y<L(l))tY(L(2))fY(L(4))tY<L(5))tY<L(9))tYCLU5))tY(L(lMAN1300
16))) MAN1310

C MAN1320
C   START COMPUTATIONS   MAN1330
C »*«****«*«*»»«« «******« MAN1340
C   READ AND WRITE DATA FOR GROUPS II AND III   MAN1350

CALL OATAIN MAN1360
I*N«1 MAN1370
NIJ»IO»JO MAN1380
DO 80 K«ltKO MAN1390
LCC*L(2)*(K-1)*N£J MAN1400

80 CALL ARRAY(Y(LOC)»INFT<1t2)tIOFT(! !).NAME(1)iIRN.DUM) MAN1410
DO 90 K«1»KO MAN1420
LOC«L(5)*(K-l)«NIvl MAN1430

90 CALL ARRAY<Y(LOO»INFT(ltl),IOFTU»2)rNAME(7)tIRN«OUM) MAN1440
00 100 K«1»KO MANU50
LOC«L(4)*(K«1)»NIIJ MAN1460
Ll«t(19)*K-l MAN1470
L2«L(19)*KO*K-1 MAN1480
L3«L(19)*2«KO*K-1 MAN1490
CALL ARRAY(Y(LOC)tINFTUtl)»IOFT(lt2)tNAMEU3)fIRN,DUM) MAN1500
Y(LD«OUM(1) MAN1510
Y(L2)»OUM(2) MAN1520
Y(L3)»DUM(3) MAN1530

100 MRITE (6*230) Kt Y (LI) f Y(L2) »YS(L3) MAN1540
IF (ITK.NE.ICHK(IO)) 00 TO 120 MAN1550
00 110 KaltKl MAN1560
L'OC«L(8)*(K-1)»NIJ MAN1570

110 CALL ARRAY(Y(LOOtINFT(l«l)fIOFT(lt3)tNAME(19)fIRN«OUM) MAN1580
120 IF (IWATER.N£.XCHK(6)>  0 TO 130 MAN1S90

^ * ^" MAN1595
CALL ARRAY(Y(L(23)) INFT(1t1)tIOFT(1»4).NAME(25).IRN,DUM> HAN1600
CALL ARRAY(Y(L t24)),XNFT(111)»IOFT(111)rNAME(31).IRN.DUM) MAN1610

130 IF (IQRE.EO.rCHK(7)> CALL ARRAY(YtL(25)),INFT(1tl)»IOFT(l»4).NAME(MAN1«20
137)»IRNtOUM) MAN1630
CALL MOAT MAN1640

C MAN1650
C   COMPUTE TRANSMISSIVITY FOR UNCONFINED LAYER   MAN 1660

IF <IWATER.EQ.ICHK(6M CALL TRANS(l) MAN1670
C MAN1680
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  COMPUTE 
CALL TCOF

T COEFFICIENTS  MAN1690 
MAN1700 
MAN1710 
MAN1720 
MAN1730 
MAN1740

  READ TIME PARAMETERS AND PUMPING DATA FOR A NEW PUMPING PERIOD-MAN1750
CALL NEWPER MAN1760

MAN1770
KT»0
IFINAL-0

  COMPUTE ITERATION PARAMETERS- 
CALL ITER

  START NEW TIME STEP COMPUTATIONS- 
150 CALL NEWSTP

  START NEW 
CALL NEWITA

ITERATION IF MAXIMUM NO. ITERATIONS NOT EXCEEDED  

MAN1780 
MAN1790 
MAN1800 
MAN1810 
MAN1820 
MAN1830 
MAN1840 
MAN1850 
MAN1860 
MAN1870 
MAN1880 
MAN1890 
MAN1900 
MAN1910 
MAN1920 
MAN1930 
MAN1940 
MAN1950 
MAN1960 
MAN1970 
MAN1980 
MAN1990 
MAN2000 
MAN2010

160 FORMAT (8110) MAN2020
170 FORMAT (f0»t54X f iWORDS OF VECTOR Y USED «*tI7) MAN2030
160 FORMAT (*0»t62Xt''NUMBER OF ROWS » .I5/60X»»NUH8ER OF COLUMNS »'.I5MAN2040

1/6IX»»NUMBER OF LAYERS»»t.I5//39X,'MAXIMUM PERMITTED NUMBER OF ITEMAN2050
2RATIONS »»tI5//48X»iNUMBER OF CONSTANT HEAD NODES «*tI5) MAN2060

190 FORMAT (»l»t33A4) MAN2070
200 FORMAT (20A4) MAN2080
210 FORMAT (16(A4»1X)) MAN2090
220 FORMAT ('-SIMULATION OPTIONS! *tll(A4t4X)) MAN2100
230 FORMAT <1HO»44X.'DIRECTIONAL TRANSMISSIVITY MULTIPLICATION FACTORSMAN2110

1 FOR LAYER«iI3t/t76Xt»X   »eiS.7/76X»»Y ««.Q15.7/76X,«Z «»»G15.7) MAN2120
END MAN2130-

  PRINT OUTPUT AT DESIGNATED TIME STEPS- 
CALL OUTPUT

  LAST TIME STEP IN PUMPING PERIOD ?   
IF (IFINAL.NE.l) GO TO 150

  CHECK FOR NEW PUMPING PERIOD- 
IP (KP»LT.NPER) GO TO 140

STOP

  FORMATS  
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SUBROUTINE DATA I(PHI»STRTtOLDtTtStTRtTCtTKtWELLtOELXtDELYtDELZtFACDATOOlO
IT»P£RM»BOTTOM,QRE) DAT0020

C ...                  .  .... ...  ............... ...-.,04 jo 030
C -READ AND WRITE DATA OAT0040 
C ...... ..-  ........  ...-...      . .--. .  ...  ....- [) A jo oso
C DAT0060
c SPECIFICATIONS: OATOOTO

REAL «8PHI DAT0080
REAL «8XLABEL.YLABEL»TITLEtXNltMESUR OAT0090

C OAT0100
DIMENSION PHIUO.UJO.KO) f STRT (10 , JO »KO ) » OLD (10 , JO ,KO ) » T (10 , JO » KODATO110

1). S(IOtjO.KO). TP(IO»JO,KO), TC(IO»JO»KO), TK(IK,JK»K5)» WELL(IO.DAT0120
2JO.KO). OELXCJO), DELY(IO)» DELZ(KO). FACT(K0.3)» PERM<IP,JP), BOTDAT0130
3TCMUP.JP). QRE(ICtjQ). TF(3)t A(IO,JO)» IK(6), IOFT(9), INFT(2) OAT0140

C OAT0150
COMMON /INTE3R/ 10»JO,KO»I1,Jl,K1,I,J,K,NPERtKTH»ITMAX,LENGTH,KP»NOAT0160
lWEL»NUMT«IFlNAL»IT»KTiIHEAD«IDRAWtIFLO»IERRfI2tj2fK2»IMAXfITMXliNCDAT0170
2H,IOK1,IOK2,I**TER»IQRE.IP»JP»IQ,jQ»rK,JK,K5,IPUl,IPU2»rTK OAT0180
COMMON /SPARAM/ TMAX,COLT»DELT.ERR.TEST,SUM,SUMP,QR DAT0190
COMMON /SARRAY/ ICHK(13).LEVEL1(9).LEVELS<9) OAT0200
COMMON /CK/ ETFLXT»STORT»QRET»CHSTtCHOTtFLUXTtPUMPT,CFLUXT.FLXNT OAT0210
COMMON /PR/ XLA8ELO).YLABEL(6)»TITLE(6)»XN1,MESUR.PRNT(122)tBLANKDAT0220
1(60),DIGIT(122)»VF1(6)»VF2(6)tVF3(7).XSCALE.DINCH.SYM{17),XN(100)»OAT0230
2YN(13) tNA(4) »NUN2tN3iYSCALE»FACTltFACT2 DAT0240
RETURN DAT0250

C                                                                   OAT0260
^ ******************** OAT0270

ENTRY OATAIN OAT0280 
C » » »  *» » «   »    OAT0290
C OAT0300
C - READ AND WRITE SCALAR PARAMETERS   OAT0310

READ (5.330) NPER.KTH,ERR,LENGTH ' OAT0320
WRITE (6*340) NPEP.KTH.ERR OAT0330
READ (S»460) XSCAL£*YSCALEtOINCH,FACTl.(LEVELl(I)fI»lt9),FACT2.(LEDAT0340
lVEU2(I)tl*lf9)tMESUR OAT0350
IF (XSCALE.NE.O.) WRITE (6.470) XSCALE»YSCALEtMESUR.MESURtDINCH.FAOAT0360

!CTl,LEVELl»FACT2rLEVEL2 DAT0370
C OAT0380
C   READ CUMULATIVE MASS BALANCE PARAMETERS   DAT0390

READ (5»450) SUM»SUMP,PUMPTtCFLUXTtORET,CHST,CHDT.FLUXT,STORT,ETFLOAT0400
IXT.FLXNT OAT0410
IF (IOKUEQ.ICHK(4)) 60 TO 20 DAT0420
IF (IPUl.NE.ICMKfS)) 60 TO 50 OAT0430

C OAT0440
C   READ INITIAL HEAD VALUES FROM CARDS   OAT04SO

DO 10 K»1*KO DAT0460
DO 10 1*1.10 DAT0470

10 READ (5.360) (PHI(I,J»K)rJ«l»JO) DAT0480
60 TO 30 DAT0490

C DAT0500
C ...READ INITIAL HEAD AND MASS BALANCE PARAMETERS FROM DISK   OAT0510

20 READ (4) PHI»SUMf.SUMP,PUMPT f CFLUXT.QRET,CHST»CHDT,FLUXT,STORTtETFLDAT0520
IXTtFLXNT OAT0530
REWIND 4 DAT0540

30 WRITE (6,430) SUM DAT0550
DO 40 K»1.KO DAT0560
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40

50

WRITE (6,440) 
00 40 1*1,10 
WRITE (6,350) It (PHI(I,J,K),J=1,JO)

60

70

60

90

100
110

120

130
140

150

DO 60 Ksl*KO 
OC 60 1=1,10 
DO 60 J=1,JO 
WELL<I»J»K)«0. 
TR(I,J,K)«0. 
TC<IfJ»K)«0.
IF (K.NE.KO) TK(I,J,K)«0. 
CONTINUE
RETURN 
»*»« ****« «»*«*»«*»»
ENTRY ARRAY(A»lNFT»IOFTtIN»IRN,TF)
*»**»»**««***«**»**«*
READ (5,330) FAC,IVAR,IPRN,TF,IRECS,IRECO
rC«4«IRECS+2»IVAR*IPRN*l
60 TO (70,70,90,90.120,120), 1C
00 80 1*1,10
DO 80 J»1»JO
A(XfJ)«FAC
WRITE (6,280) iN.FACtK
GO TO 140
IF (IC.EQ.3) WRITE (6,290) IN,K
DO 110 1*1.10
READ (StINFT) (A(I,J),J=l,JO)
DO 100 J*1,JO
A(1,J)»A(I,J)»FAC
IF (IC.EQ.3) WRITE (6,ICFT) I»(A(I,J),J»l,JO)
60 TO 140
READ (2'IRN) A
IF (IC.EQ.6) GO TO 140
WRITE (6*290) IN»K
DO 130 1-1,10
WRITE (6tIOFT) I» U (I * J) »%J*lt JO)
IF (IRECD.EQ.D WRITE (2»IRN) A
IRN*IRN*1
RETURN
 *»*» »*» »*«*»»*« »*
ENTRY MOAT 
«»»*»«»***»»*«»*»**«»
DO 
DO 
DO 
IF 
IF 
IF 
IF

150 K«1,KO 
150 1*1.10 
150 J-l.JO
(I.EQ.l.OR.I.EG.IO.OR.J.EQ.l.OR.J.EQ.JO) T(I.J.K)*0, 
(IOK4.NE.ICHK(4),ANO.IPU1.NE.ICHK(8)) PHI<I,J,K)-STRT(I,J,K) 
(K.NE.KO.OR.IWATER.NE.ICHK<6)) 60 TO ISO 
(I.EQ.I.OR.I.EC.IO.OR.'J.EQ.I.OR.J.EQ.JO) PERM(I,J)«0. 

CONTINUE

READ (5,330) FAC.IVAR.IPRN
IF (IVAR.EQ.l) READ (5.330) (DELX(J),J«l,JO)
DO 170 J»1»JO
IF (IVAR.NE.1) 60 TO 160
DELX(J)*OELXfJ)«FAC

OAT0570 
DAT0560 
DAT0590 
DAT0600 
DAT0610 
DAT0620 
DAT0630 
DAT0640 
OAT0650 
DAT0660 
DAT0670 
DAT0680 
DAT0690 
DAT0700 
DAT0710 
DAT0720 
DAT0730 
DAT0740 
DAT0750 
DAT0760 
OAT0770 
DAT0780 
DAT0790 
DAT0800 
DAT0810 
DAT0820 
DAT0830 
DAT0840 
OAT0850 
DAT0860 
OAT0870 
DAT0880 
DAT0890 
DAT0900 
DAT0910 
OAT0920 
DAT0930 
DAT0940 
DAT0950 
DAT0960 
OAT0970 
DAT0980 
DAT0990 
OAT1000 
DAT1010 
DAT1020 
DAT1030 
DAT1040 
DAT1050 
DAT1060 
.DAT1070 
DAT1060 
DAT1090 
OAT1100 
DAT1110 
DAT1120
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c

r»*

c
c

c
c

c
c
c
c

00 TO 170
160 OELX(J)*FAC
170 CONTINUE

IF (IVAR.EQ.l, AND. IPRN.NE.l) WRITE (6*370) (OELX(J)
IF (IVAR.EQ.O) WRITE (6*300) FAC

READ (5*330) FAC.IVAR.IPRN
IF (IVAR.EQ.l) READ (5*330) (OELY ( I)   Ul.IO)
DC 190 I»1«IO
IF (IVAR.NE.l) 60 TO 180
OELY(I)«OELY(I)*FAC
60 TO 190

180 OELY(I)«FAC
190 CONTINUE

IF (IVAR.EQ.l. AND. IPRN^NE.l) WRITE (6*380) (OELY(I)
IF (IVAR.EQ.O) WRITE (6*310) FAC

ntf\ i
READ (5.330* FAC. I VAR» IPRN
IF (IVAR.EQ.l) READ (5*330) (OELZ (K) *K»1 *KO)
00 210 K»1»KO
IF (IVAR«NE.l) GO TO 200
OELZ(K)*DELZ(K)«FAC
60 TO 210

200 OELZ(K)«FAC
210 CONTINUE

IF (IVAR.EQ.l. AND. IPRN.NE.1) WRITE (6*390) (OELZ(K)
IF (IVAR.EQ.O) WRITE (6*320) FAC

   INITIALIZE VARIABLES  
8*0.
0*0.
F:» 0  
H»0.
9U»0.
Z*0.
IF (XSCALE.NE.O.) CALL MAP
RETURN

   READ TIME PARAMETERS AND PUMPING DATA FOR A NEW
A********************
CKTRY NEWPER
»»»«*««»***»«**«*****

READ (5*330) KP.KPM1 *NWEL*TMAX,NUMT.COLTrOELT

  COMPUTE ACTUAL OELT AND NUMT  
DT»OELT/24.
TMaO.O
00 220 Z«1*NUMT
OT«COLT«OT
TM«TM*OT
IF (TM.6E,TMAX) GO TO 230

220 CONTINUE
GO TO 240

230 OELT»TMAX/TM«OELT
NUMT«I

OAT1130
OATH40
OAT1150

»J«1.JO) DAT1160
DAT1170

DAT1190
OAT1200
OAT1210
DAT1220
OAT1230
OAT1240
OAT1250
DAT1260

»I«1»IO) DAT1270
OAT1280

DAT1300
OAT1310
DAT1320
DAT1330
OAT1340
OAT1350
OAT1360
OAT1370

.KaltKO) DAT1380
OAT1390
OAT1400
OAT1410
OAT1420
OAT1430
OAT1440
OAT1450
OAT1460
OAT1470
OAT1480
OAT1490

PUMPING PERIOO-DAT1510
OAT1520
OAT1530
OAT1540
OAT1550
OAT1560
DAT1570
OAT1580
DAT1S90
OAT1600
OAT1610
DAT1620
OAT1630
OAT1640
OAT1650
OAT1660
OAT1670
OAT1680

VI-7



240 WRITE (6*400) KPtTMAX»NUMT»OELTtCOLT
OELT«DELT<»3600.
TMAX*TMAX*86400.

  READ AND WRITE WELL PUMPING RATES- 
WRITE (6*410) NWEL 
IF (NWEL.EQ.O) 60 TO 260 
DC 245 K = 1»KO 
DC 245 I a 1*10 
PC 245 J * l»v)0 
WELL(ItJtK) a 0.0 
DO 250 IleltNtoEL 
READ (5»330) K*IKjtWELL(ItJtK) 
WRITE (6,420) KtItJtWELL(ItJtK) 
WELL(ItJ«K)aWELLU*JtK)/(DELX(J)»OELY(IM250

260
C
C
C
C
C

280
290
300
310
320
330
340

350
360
370

WELL (I
RETURN

   FORi

FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
IETWEEN
FORMAT
FORMAT
FORMAT

UHOt52Xt6A4f  
UH1 «45X f 6A4t  
(«0't?2X f 'CELX
<»0»t72Xt«OELY
(»0»t72Xt*DELZ
(8610*0)
(fO'tSlXt ''NUMBER OF PUMPIN6
PRINTOUTS *'*I5//51X,»ERROR
(* 0*»I2»2X*20F6«1/(5X*20F6.1))
(8F10.4)
(1H1t46Xr40H6RIO

*',G15.7,» FOR LAYER',13) 
MATRIX* LAYER»,I3/46X,41(i.»))
*«tG15.7)
*«*G15.7) 
»'tGl5.7)

OAT1690 
DAT1700 
DAT1710 
OAT1720 
DAT1730 
DAT1740 
OAT1750 
DAT1760 
OAT1761 
DAT1762 
OAT1763 
DAT1764 
DAT1770 
OAT1780 
OAT1790 
DAT1800 
OAT1810 
DAT1820 
DATIS30 
DAT1840 
DAT1850 
DAT1&60 
OAT1870 
DAT1880 
OAT1890 
DAT1900 
DAT1910
OAT1920

PERIODS *'tI5/49Xt»TlME STEPS BDAT1930 
CRITERIA FOR CLOSURE « tG15,7/)DATl940

DAT1950 
DAT1960

SPACING IN PROTOTYPE IN X DIRECTION/47Xt40DAT1970
OAT1980

380 FORMAT <1H-*46X»40HGRID SPACING IN PROTOTYPE IN Y DIRECTION/47Xt4QOATl990
l('-')//('0»*12F10.0)> DAT2000

390 FORMAT (lH-»46Xr*OHQRID SPACING IN PROTOTYPE IN Z DIR£CTION/47X»40DAT2010
1(»-»)//<»0»,12F10.0)) DAT2020

400 FORMAT (' '*50X*'PUMPING PERIOD NO.»*I4»'I'tF10.2»» DAYS'/51X*38('DAT2030
1«»)//53X*»NUMBER 'OF TIME STEPS"'t!6//59X,»OELT IN HOURS »»tFlO»3//OAT2040
253Xt'MULTIPLIER FOR OELT *»tF10.3) OAT2050

410 FORMAT (' »»63X f I4t' W£LLS'/65X»9(*-»)//50X.'K'*9X*«I'»9Xt«J PUDAT2060
IMPING RATE»/) OAT2070

420 FORMAT (41X»3I10»2F13»2) DAT2080
430 FORMAT <»-'»40X,» CONTINUATION - HEAD AFTER »,G20.7,« SEC PUMPING DAT2090

U/42X.58C-')) DAT2100
440 FORMAT ( ! tSSXt INITIAL HEAD MATRIX* LAYER»tI3/56Xt30(«- )) DAT2110
450 FORMAT (4620,10) DAT2120
460 FORMAT (3G10.0,2(G10.0,911,IX),AS) DAT2130
470 FORMAT (»0»>30X f '-ON ALPHAMERIC MAP!»/40Xt'MULTIPLICATION FACTOR FOOAT2140

1R X DIMENSION »'»G15.7/40Xt'MULTIPLICATION FACTOR FOR Y DIMENSION DAT2150
2«'*Gl5.7/55Xt'MAP SCALE IN UNITS OF '.All/SOXt'NUMBER OF '*A8*' POAT2160
3ER INCH »'*G15«7/43X*'MULTIPLICATION FACTOR FOR DRAWDOWN »»,G15.7,DAT2170
4» PRINTED FOR LAYERS'»9I2/47Xt'MULTIPLICATION FACTOR FOR HEAD «ttGOAT2180
515.7t» PRINTED FOR LAYERS'»9I2) DAT2190
END OAT2200-
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SUBROUTINE STEP(PHI.STRTtOLOtTtStTRtTCtTKtWELLtOELXtDELYtDELZtFACTSTP 10
l»DONtTEST3) STP 20

c ...           ....   -   -   ...........  ....... ......._-.STP 30
C INITIALIZE DATA FOR A NEW TIME STEP AND PRINT RESULTS STP 40 
C ...          -  ......   -   ......     .      ....    -.STP 50
C STP 60
C SPECIFICATIONSI STP 70

REAL *8PHI STP 80
PEAL »8XLABELtYLABEL»TITLEtXNl.MESUR STP 90

C STP 100
DIMENSION PHI<IO*WO»KO)  STRT<I0tJOtKO)t OLD(10»JOtKO)t T(I0tJO.KOSTP 110

1)* S(IOtjO.KO). TR(IOtJOtKO)t TC (lOt JO tKO) t TK (IK, JK.K5) » MELLdOtSTP 120
2jOtKO)t DELX(JO), DELY(IO)t OELZ(KO)t FACT(KO»3)t DON(IMAX)* TEST3STP 130
3<lTMXl)t ITTO<50) - STP 140

C STP 150
COMMON /INTEGR/ 10.JO»KOtII.JltKltItJ»K»NPERtKTHtITMAX.LENGTHtKPtNSTP 160
lMELtNUMT»IFXNALtIT.KTtXHEAO»IDRAMtXFLOtIERRtI2tj2»K2iXMAXfITMXl.NCSTP 170
2HtIOKltIOK2»I*ATER»IQREtIPtJP»IQ»JQtIK»,JKtK5fIPUl»IPU2»ITK STP 160
COMMON /SPARAM/ TMAXtCQLTtOELTtERRtTESTt9UM v SUMP»QR STP 190
COMMON /SARRAY/ ICHK(13)tLEVELl(9)tLEVEL2(9) STP 200
COMMON XCKX ETFLXT»STCRTtQRETtCHSTtCHDT»FLUXTtPUMPTtCFLUXT»FLXNT STP 210
COMMON /PR/ XLABELO)tYLABEL<6)tTITLE<6)tXNl,MESUR»PRNT(122)»BLANKSTP 220
K60)tOIGIT(122)»VFl(6)tVF2(6)tVF3(7)tXSCALEtOINCH»SYM(17)tXN(100)tSTP 230
2YM13) tNA(4) fMtN2tN3tYSCALEtFACTltFACT2 STP 240

RETURN STP 250
C ..................................................................STP 26 0
C *******«*****«*«*«*« STP 270

ENTRY NEWSTP STP 280
C « *******«****«** *« STP 290

KTaKT+1 STP 300
IT»0 STP 310
DO 10 K-l.KO STP 320
00 10 I»ltXO STP 330
00 10 J*ltJO STP 340

10 OLO(I»JtK)»PHX(I*UJtK> STP 350
OELT«COLT«DELT STP 360
9UM»SUM*DELT STP 370
StMP*SUMP*OELT STP 380
DAYSP«SUMP/86400« STP 390
YRSP-OAYSP/365. STP 400
HRS*SUM/3600. STP 410
SMIN>HRS«60. STP 420
OAYS-HRS/24. STP 430
YRS«DAYS/365. STP 440
RETURN STP 450

C STP 460
C ...PRINT OUTPUT AT DESIGNATED TIME STEPS*  STP 470
C **«»****** *»****»*«» STP 480

ENTRY OUTPUT STP 490
C *    * »*»*** »» »»*  STP 500

IF (KT.EQ.NUMT) XFINAL-1 STP 510 
ITTO(KT)»IT STP 520 
IF (IT.LE.ITMAX) GO TO 20 STP 530 
ITalT-1 STP 540 
XTTO(KT)«IT STP 550 
ICRR*2 STP 560
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C STP 570
C  IF MAXZMUM ITERATIONS EXCEEDED»WRITE RESULTS ON DZSK OR CARDS STP 580

ZF <ZDK2.EQ.ZCHK(5M WRZTE (4) PHZ*SU*tSUNPtPUMPTtCFLUXTtQRETtCHSTSTP 590
ItCHDTfFLUXTtSTORTtETFLXTtFLXNT STP 600
ZF (ZPU2.£Q.ZCHK<9)) WRZTE <7»230) SUM»SUHPtPUXPTtCFLUXTtQRETtCHSTSTP 610

l»CHDT»FLUXTtSTORTtETFLXT»FLXNT STP 620
C STP 630

20 ZF UFLO.EQ.ICHM3)) CALL CHECK STP 640
ZF (ZERR.EQ.2) 60 TO 30 STP 650
ZF <MOD(KTtKTH),N£.O.ANO.ZFZNAL.NE.l) RETURN STP 660

30 WRITE (6*210) KT»DELTtSUMtSMZNtHRS»DAYStYRStDAYSP»YRSP STP 670
ZF (ZFLO.EQ.ICMKtS)) CALL CWRITE STP 680
ITsIT*! STP 690
WRITE (6tl80) (TEST3CJ) tJ*ltZT) STP 700
Z3»l
15*0

352 Z5»Z5*40
I4«*INO(KTtl5)
WRITE (6,240) <ItZ«Z3tZ4)
WRITE (6,260)
WRITE (6,250) (ITTO(I),1*13,14)
WRITE (6,260)
ZF{KT.LE.Z5) 60 TO 353
13«Z3*40
60 TO 352

C STP 750 
C   PRINT MAPS-  STP 760

353 IF (XSCALE.EQ.O.) 60 TO 70 STP 770
IF (FACT1.EQ.O.) 60 TO 50 STP 780
DO 40 ZA*1»9 STP 790
ZZ»LEVEL1UA) STP 800
ZF (II.EQ.O) 60 TO 50 STP 810

40 CALL PRNTA(ltZZ) STP 820
50 ZF (FACT2.EQ.O.) 30 TO 70 STP 830

DO 60 IA*1»9 STP 840
ZZ»LEVEL2(ZA) STP 850
ZF (II.EQ.O) GO TO 70 STP 860

60 CALL PRNTA(2»ZZ) STP 870
70 ZF (IDRAW.NE.ICHK(l)) 60 TO 100 STP 880

C STP 890
C - PRINT DRAWDOWN   STP 900

DO 90 K«1,KO STP 910
WRITE <6t200> K STP 920
DO 90 Z»ltZO STP 930
00 80 J»1»JO STP 940

80 DON(J)«STRT(I,J,K)-PHI(I,J,K) STP 950
90 WRITE <6tl70) I»(DON(J)»J«l,JO) STP 960
100 IF (IHEAD.NE.ICHK(2M 00 TO 120 STP 970

C STP 980
C ...PRINT HEAD MATRZX   STP 990

DO 110 K»1,KO STP100Q
WRITE (6,190) K STP1010
DC 110 Z»lfZO STP1Q20

110 WRITE (6,170) It(PHIUfJtK)tJ*ltJO) STP1030
C STP1040
C   WRZTE ON OZSK   STP1050
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120 IF (IERR.EQ.2) 60 TO 130 STP1060
IF (KP.LT.NPER.OR.IFINAL.NE.l) RETURN STP1070
IF (IOK2.EQ,ICHK(5M WRITE (4) PHI,SUM,SUMP,PUMPT,CFLUXT,QRETtCHSTSTP1080

ltCHOT»FLUXT»STORT,ETFLXT,FLXNT STP1090
C STPHOO
c - PUNCHED OUTPUT   STP1110

130 IF (IPU2,NE.ICHK(9M 60 TO 160 STP1120
IF (IERR.EQ.2) 60 TO 140 STP1130
WRITE (7,230) SUM,SUMP,PUMPT»CFLUXT,QRET,CHST,CHOT.FLUXT,STORT,ETFSTP1140
ILXTtFLXNT STP1150

140 DC 150 K«1,KO STP1160
150 WRITE (7,220) ((PHI(I,J.K).J«l,JO)t1»1,10) STP1170
160 IF (IERR.EQ,2) STOP STP1180

RETURN STP1190
C STP1200
C ...FORMATS   STP1210
C STP1220
C STP1230
C STP1240

170 FORMAT (»0»»I4»18F7.2/(.5X»18F7.2)) STP1250
180 FORMAT (»OMAXIMUM HEAD CHAN6E FOR EACH ITERATION!»/« »,39(»- )/(»OSTP1260

1»,10F12.4)) STP1270
190 FORMAT ( PtSSXft'HEAO MATRIX, LAYER*»I3/56X,21< -«)) STP1280
200 FORMAT Cl't55X,t DRAWDOWN, LAYER',I3/59X,18('-')) STP1290
210 FORMAT (lHl,44X,57(»»»)/45X,»|»fl4Xt»TIME STEP NUMBER ««,19,14X,t|STP1300

1^/45X,57(»-M//50X,29HSIZE OF TIME STEP IN SECONDS*,F14.2//55X,»TOSTP1310
2TAC SIMULATION TIME IN SECONDS-*,F14.2/80X,8HMINUTES»,F14.2/82X,6HSTP1320
3HOURS»,F14.2/83Xr5HOAYS«,F14.2/82X,»YEARS«»,F14,2///45X,'DURATION STP1330
40F CURRENT PUMPIN6 PERIOD IN OAYS«»,F14.2/82X,»YEARS«»,F14.2//) STP1340

220 FORMAT (10F8.2) STP1350
230 FORMAT (4620.10) STP1360
240 FORMAT (»OTIME STEP |i»40I3)   STP1370
250 FORMAT (»OITEPATIONSt»,4013) STP1380
260 FORMAT (» »,10( »»)) STP1390

STP1400-
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SUBROUTINE SOLVEtPHI,STRT.OLD.T.S.TRtTC.TK,WELL.DELX,D£LY,DEIZ.FACSP3 10
lT,CL.FL.QL.V,XI.TEST3.QflE) SP3 20

c   .                                          »       -SP3 30
C SCLUTZON BY THE STRONGLY ZMPLZCZT PROCEDURE SP3 40
C ..                                                       ,SP3 50
C SP3 60
C SPECZFZCATZONSt SP3 70

REAL «8PHZ*RHO»BrOtFtH*Z*SU*RHOPtW*WMZN*RHOl*RH02*RH03tXPART*YPARTSP3 80
1,ZPART.DMIN1,WHAX,XT.YT.ZT.OABS.DMAX1,OEN,TXM,TYM,TZM SP3 90
REAL *8E.AL.8L»CL.A,C»GiWU»TU»UiDL»RES»SUPH,OLXIiZPHI SP3 100

C SP3 110
DIMENSION PHI(l), STRT(l), OlD(l)» T(l), S(l)t TR(1). TC<1), TK(1)SP3 120

1* WELL(l). DELX(l), OELY(l), DELZU), FACT(KO»3), RHOPC20), TEST3(SP3 130
21)* EL(1)» FL(1)» GLU>» V(l)t XI(l), QRE(l) SP3 140

C SP3 150
COMMON XZNTEOR/ ZOtJO.KO.Z1,J1,Kl.ZtJ»K.NPER,KTHtZTMAX,LENGTH,KP.NSP3 160
lWEL»NUMT,ZFZNAL»IT»KT»ZHEAD,ZDRAW»ZFLO»ZERR»Z2,,j2,K2,ZMAX,ZTMXi,NCSP3 170
2H,IDK1,IOK2,IMTER»IQRE,IP,JP.IQ.JQ»IK,JK,K5,IPU1,IPU2,ITK SP3 ISO
COMMON /SPARAM/ TMAX»CDLT,CELTiERR.TEST»SUM,SUMP,QR SP3 190
COMMON /SARRAY/ ZCHK(13).LEVEL1(9).LEVEL2(9) SP3 200
RETURN SP3 210

4O Aecu
	SP3 330

ENTRY ZTER SP3 240
*****»»» »»«»** **«** SP3 250
. -COMPUTE AND PRZNT ITERATZON PARAMETERS-  SP3 260
WRZTE (6,240) SP3 270
W*ZN*1*DO SP3 280
OELT»1. SP3 290
PSsLENGTH-1 SP3 300
N7«ZO*JO*KO SP3 310
NIJ»ZO«JO SP3 320
XT«3.141593««2/C2,«J2«J2) SP3 330
YTa3.141593«*2/C2.«Z2«Z2) - SP3 340
Z7«3.141593*»2/(2.»KO«KO) SP3 350
RH01«O.DO SP3 360
RH02«0*00 SP3 370
RH03*0*00 SP3 380
00 40 KsltKO SP3 390
00 40 Z»2,Zl SP3 400
DO 40 J*2»J1 SP3 410
N«Z*(J-l)*ZO*(K-U*NZ\J SP3 420
ZF (T(N).EQ.O.) 30 TO 40 SP3 430
0«TR(N-IO)/DELX(J) SP3 440
F»TR(N)/DELX()J) SP3 450
8«TC(N-1)/DELY(Z> SP3 460
M»TC(N)/DELY(Z) SP3 470
9U*OtOO SP3 480
2*0.00 SP3 490
ZF (K.NE.l) Z«TKtN«NIJ)/DELZ(K) SP3 500
IF (K.NE.KO) SU«TK(N)/OELZ(K) SP3 510
RHO-S(N)/DELT SP3 520
QR*0. SP3 S30
IF (K.NE.KO) 60 TO 10 SP3 540
IF (ZORE.EQ.tCHK(7)) QR-QRE(I*{J-l)«IO) SP3 550

10 CONTINUE SP3 560

VI-12



TXM«OMAX1(0»F) SP3 570
TYM«DHAX1(8»H) SP3 560
TZM«DMAXl(SUtZ) SP3 590
DEN«D*IN1(OtF) SP3 600
IF (DEN.EQ.0.00) DEN-TXM SP3 610
IF (OEN.EQ.0.00) 60 TO 20 SP3 620
RH01«DMAXl(RH01tTYM/DEN) SP3 630

20 DEN«DMINl(B»H) SP3 640
IF (DEN.EC.0.DO) OEN-TYM SP3 650
IF (DEN.EG.0.DO) 60 TO 30 SP3 660
RH02«DMAX1(RH02tTXM/DEN) SP3670

30 DEN«DfINl(SUtZ) SP3 680
IF (DEN.ECtO.OO) OEN-TZP SP3 690
IF (DEN.EG.0.DO) 60 TO 40 SP3 700
RH03«DMAXKRHC3tTXM/OEN) SP3 710

40 CONTINUE SP3 720
XPARTaXT/(l.DO*RHCl) SP3 730
YPART»YT/U.OO*RHC2) SP3 740
ZPART«ZT/(1.DO*RH03) SP3 750 
WIN«OMlNl(WMlN»XPARTtYPART»ZPART) SP3 760
WPAX»1.DO-WMIN SP3 770
PUB-1  SP3 78 °
DO 50 I«ltLENGTH SP3 790
PJ»PJ*1. SP3 800 

50 RHOPtI)»1.00-UtDO-WMAX)»«MPJ/P2) SP3 610 
WRITE (6t230) LENGTHt (RHOP (J) t J«1»LEN<3TH) SP3820
RETURN SP3 830 

C ...«.......... ....... ..  ... ..       ..    ..         .       .SP3 840
C SP3 850
C ...INITIALIZE DATA FOR A NEtt ITERATION-  SP3 860

60 IT«IT*1 SP3 870
IF (IT.LE.ITMAX) -60 TO 70 SP3 880
WRITE (6f220) - SP3 890
CALL OUTPUT SP3 900

70 IF (MODdT,LENGTH) ) 80»80i90 SP3 910
C  *»»* »*»**»*»**»**«*» SP3 920

ENTRY NEWITA SP3 930
^  *»»  * * *  **»  **  SP3 940

80 NTH»0 SP3 950
90 NTH*NTH+1 SP3 960

W.RHOP(NTH) SP3 970
TEST3(IT*l)«0. SP3 980
TEST-0.0 SP3 990
810*0. SP31000
DO 100 I«1.NT SP31010
EL(I)«0. SP31020
FL(I)*0. SP31030
QL(I)«0. SP31040
V(I)«0. SP31050

100 XI(I)»0. SP31060
C SP31070
C   COMPUTE TRANSMXSSIVXTY AND T COEFFICIENTS FOR UPPER SP31060
C HYDROL06IC UNIT WHEN IT IS UNCONFINED-  SP31090

IF (IWATER.NE«ICHK(6M  0 TO 110 SP31100
CALL TRANS(O) SP31110

C SP3H20
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110
120

  CHOOSE SIP NORMAL OR REVERSE ALGORITHM  
IF (MOD(IT»2» 120»120«170
00 150 KaltKO
DC 150 I»2tll
OG 150 Ja2»Jl
NsI«(J-l)«IO*(K-l)»NIJ
NIA«N*1
NIB«N-1

NJ8 
NKA 
NKB

N-IO
N*NIJ
N-NIJ

  SKIP COMPUTATIONS IF NODE OUTSIDE MODEL   
IF (T(N).EQ.O..OR.S(N).LT.O.) GO TO 150

   COMPUTE COEFFICIENTS  
D»TR(NJB)/DELX(J)
F»TR(N)/DELX(iJ)
B»TC(NIB)/DELY(I)
H»TC(N)/OELY(I)
SU*O.DO
Z-0.00
IF (K.NE.l) Z«TK(MKB)/OELZ(K)
IF (K.NE.KO) SU»TK(N)/DELZ(K)
RHO«S(N)/0£LT
QR»0.
IF (K.NE.KO) GO TO 130
IF (IQRE.EO.ICHKf?)) QR»QR£(I* ( J-1)«IO)

  SIP NORMAL ALGORITHM  
  FORWARD SUBSTITUTE* COMPUTING INTERMEDIATE VECTOR V   
E-»-B-D»F-H-SU»2»RhO1,30

CL»D/ ( 1 . *W« (FL (NJB ) +GL (iN JB ) ) )
C»8L*EL(NIB)
G»CL*FL(NJ8)
WU«CL*GL(NJB)
U»8L*GL(NXB)
IF (K.EQ.l) GO TO 140
AL*Z/ ( 1   *W« (EL (NKB) *FL (NKB ) ) )
*«AL«EL(NK8)
TU«AL*FL*NKB)
OL«e*w» ( A*c»G*i»u*Tu*u) «CL»CL (NJB) -BL»FL (NIB) -AL«GL
EL(N)»(F-K<MA*C))/DL 
FL(N)«(H-W«(G*TU))/DL 
6L (N) » (SU-W» (KU*U) ) /DL 
91PH-0.00
IF (K.NE.KO) SUPH»SU«PH!(NKA)
RES»-B«PHI (NIB)-0«PHI (NJB)-E«PHI (N)-F»PHI (NJA) -H»PHI (NIA) 
1HX (NKB) -WELL (N ) -RHO«QLD (N) -OR 
V (N) » (RES-AL«V (NKB) -BL*V (NIB) -CL*V (NJB) ) /OL 
GO TO 150 

140 DL«E*W«MC*0*WU*U)-CL»EL(NJB)-BL*FL(NIB)

FL(N)«(H-W*G)/OL

SP31130 
SP31140 
SP31150 
SP31160 
SP31170 
SP31180 
SP31190 
SP31200 
SP31210 
SP31220 
SP31230 
SP31240 
SP31250 
SP31260 
SP31270 
SP31280 
SP31290 
SP31300 
SP31310 
SP31320 
SP31330 
SP31340 
SP31350 
SP31360 
SP31370 
SP31380 
SP31390 
SP31400 
SP31410 
SP31420 
SP31430 
SP31440 

' SP31450 
SP31460 
SP31470 
SP31480 
SP31490 
SP31500 
SP31510 
SP31S20 
SP31530 
SP31540 
SP31550 
SP31S60 
SP31570 
SP315SO 
SP31590 
SP31600 
SP31610

 SUPH»2«PSP31620 
SP31630 
SP31640 
SP31650 
SP31660 
SP31670 
SP31680
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150

160

GL(ft)»(SU-W*(fcU+U))/DL 
9UPH-O.DO
IF (K.NE.KO) SUPH»SU»PHI(NKA)
R£S»-B»PHI(NIB)-0«PHI(NJB)-E»PHI(N)-F»PHI(NJA)-H»PHI(NIA) 
1L(N)-RHO»OLD(N)-OR 
V (N) * <RES-BL»V (NIB) -CL»V (NJB) ) /OL 
CONTINUE

- BACK SUBSTITUTE FOR VECTOR XI 
00 160 K»1,KO
K3aKO-K*l
00 160 1x1,12
I3»IO-I
00 160 J*1»J2
J3-JO-J
N«I3*(J3-1)»IO*(K3-1)*NIJ*I-I
IF (T(N).EO.O..OR.S{N).LT.O.) GO TO 160
GLXI*O.DO
IF (K3.NE.KO) GLXIaGL(N)»XI(N*NIJ)
XI(N)»V(N)-EL(N)«XI(N*IO)-FL(N)»XI(N*1)-GLXI

- COMPARE MAGNITUDE OF CHANGE WITH CLOSURE CRITERIA  
TCHK»A8S(XI(NM
IF (TCHK.GT.8I6) BIG*TOHK
PHI<N)*PHUN)*XX<M
CONTINUE
IF (BIO. GT. ERR) TEST»1.
TEST3(IT*1)«BIG
IF (TEST.EQ.O.) RETURN
GO TO 60

170 00 200 KK'UKO
H«KO-KK*1
00 200 11*1*12
1*10-11
00 200 J«2»J1
N»I*{J«.1)»IO*(K-1)«NIJ
NIA*N*1

NJA-N+IO 
NJB*N-IO 
NKA»N«NIJ 
NK8«N-NIJ

 -SKIP COMPUTATIONS IF NODE OUTSIDE AQUIFER 
IF <T(N).EQ.O..OR.S(N) .LT.O.) GO TO 200

   COMPUTE COEFFICIENTS  
0»TR(NJB)/OELX(J)
F*TR(N)/OELX(tJ>
8*TC(NIB)/OELV<I)
H«TC(N)/OELV(I)
SLisQ.DO
2-0.00
IF (K.NE.l) 2*TKdNK8)/DELZ(K)
IF (K.NE.KO) SU»TK(N)/OELZ(K)

SP31690 
SP31700 
SP31710

SUPH-WELSP31720 
SP31730 
SP31740 
SP31750 
SP31760 
SP31770 
SP31780 
SP31790 
SP31800 
SP31810 
SP31S20 
SP31830 
SP31840 
SP31850 
SP31860 
SP31870 
SP31880 
SP31890 
SP31900 
SP31910 
SP31920 
SP31930 
SP3I940 
SP31950 
SP31960 
SP31970 
SP31980

SP32000 
SP32010 
SP32020 
SP32030 
SP32040 
SP32050 
SP32060 
SP32070 
SP32080 
SP32090 
SP32100 
SP32110 
SP32120 
SP321-30 
SP32140 
SP32150 
SP32160 
SP32170 
SP32180 
SP32190 
SP32200 
SP32210 
SP32220 
SP32330 
SP32240
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RHO«S<N)/OELT SP32250
QR.O, SP32260
IF (K.NE.KO) 60 TO 180 SP32270
IF (IQRE.EQ.ICHM7)) QRsQRE(I*{J-1)*IO) SP32280

c SP32290
c - SIP REVERSE ALGORITHM   SP32300
C  -FORWARD SUBSTITUTEt COMPUTING INTERMEDIATE VECTOR V   SP32310

180 E«-B-D-F-H-SU-Z-RHO SP32320
BL«H/(1,*W*(EL(NIA)*GL(NIA)) ) SP32330
CL«0/(1.*W*(FL(NJB)*6L<NJB))) SP32340
CsBL*£L<NlA) SP32350
G«CL*FL(NJ8) SP32360
Wl«CL*GL(NJB) SP32370
U»BL«GUNIA) SP32380
IF (K.EQ.KO) GO TO 190 SP32390
AL»SU/<!,»* (EL(NKA)*FL(NKA))) SP32400
A«AL«EL(NKA) ' SP32410
TU«AL*FL(NKA) SP32420
DL«E***<C*G*A*WU*TU*U)-AL«GL(NKA)-BL»FL(NIA)-CL«EL(NJB) SP32430
EL(N)s(F-W»(C*A))/OL SP32440
FL(N)«(B-W«(G*TU))/DL SP32450
GL(N)«<2-h«(WU*U))/DL SP32460
ZPHI-O.DO SP32470
IF (K.NE.l) ZPHI«Z«PHI(NK8) SP32480
RES»-B«PHI(NIB)-0»PHI(NJB)-E*PHI(N)-F»PHI(NJA)-H*PHI<NIA)-SU»PHI(NSP32490
lKA)-ZPHI-taELL(N)-RHO«OLD<N)-QR   SP32500
V(N)«<RES-AL<»V<NK*)-BL*V<NIA)-CL»V<NJB))/OL SP32510
00 TO 200 SP32920

190 QL«E***<C+G*»U*U)-BL«FL<NIA)«CL«EL<NJ8) SP32530
EL(N)»(F-W«C)/DL SP32540
FL(N)»(B«*»«G)/OL SP32550
QL(N)«(Z-W»(WU*U))/DL SP32560
ZPHlsO.DO   SP32570
IF (K.NE.l) 2PHI»2*PHI(NK8) SP32580
RES«-a«PHl(NIB)-0*PHKNJB>-E»PHl(N)-F*PHI(NJA)-H»PHI(NlA)-ZPHI-toELSP32590
1L(N)-RHO»OLD(,N)-QR SP32600
V(N)*(RES-8L*V(NIA)-CL*V(NJ8))/DL SP32610

200 CONTINUE SP32620
C SP32630
C   -BACK SUBSTITUTE FOR VECTOR XI   SP32640

00 210 KaltKO SP32650
00 210 I«2tll SP32660
00 210 J»1»J2 SP32670
J3-JO-J SP32680
N«I* { J3»l)*IO*(K-l)«NIJ SP32690
IF (T(N).EQ.O«.OR.S(N)«LT.O.) GO TO 210 SP32700
61X1*0.00 SP32710
IF (K.NE.l) GLXIaGL(N)*XI(N-NU) SP32720
XI(N)«V(N)-EL(N)«XI(N*IO)-FL(N)«XI(N-1)-GLXI SP32730

C SP32740
C   COMPARE MAGNITUDE OF CHANGE WITH CLOSURE CRITERIA-  SP32750

TCHK»ABS(XX(N» SP32760
IF fTCHK.GT.BIG) BIG-TOHK SP32770
PHI(N)«PHI(NMXI(N) SP32780

210 CONTINUE SP32790
IF (BIG.GT.ERR) TEST*1. SP32800
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c 
c 
c 
c 
c 
c

TEST3(IT«1)«BIG 
IF (TEST.EQ.O.) RETURN 
00 TO 60

SP32810 
SP32820 
SP32830

SP32850 
   FORMATS-  SP32860 

SP3287G 
SP32B80 
SP32890 

220 FORMAT («OEXCEEOEO PERMITTED NUMBER OF ITERATIONS'/* t ,39(1*1)) SP32900 
330 FORMAT (///IHOt I5t22H ITERATION PARAMETERS! t6El5.7/(/28X t6E!5.7/> ) SP32910 
240 FORMAT (* » ,44X, 'SOLUTION BY THE STRONGLY IMPLICIT PROCEDURE »/45X,SP32920 

143<»_M) SP32930 
EKO SP32940

VI-17-



SUBROUTINE CQEFfP.HItSTRT»OLD»TtS»TRiTCtTK»WELL»OELXtOELY,OELZtFACTCOF 10
IfPCRMtBOTTOMrORE) COF 20

c                                        .  -          ... ,COF 30
C COMPUTE COEFFICIENTS COF 40
c     -  .-    .........   .    ...................    ......COF 50
C COF 60
c SPECIFICATIONS: COF TO

REAL «8PHI COF 80
C COF 90

DIMENSION PHI(IOtJjOtKO)   STRT < 10 tJO tKO) t OLD (10 . JO tKO) t T (10 , JO.KOCOF 100
1). SUOtjOtKOJt TR(IOtjOtKO) , TC (101 JO tKO) i TK (IK, JK.K5) t WELLdO.COF 110
2JOtKO)i DELX(JO), OELY(IO)t OELZ(KO)* FACT(KO»3)t PERM(IP,JP)t BOlCOF 120
3TCM(IP,JP)» QRE(IQ.JQ) COF 130

C COF 140
COMMON /IMEGRX 10»jOtKO,I1,Jl,K1,ItJtKtNPERtKTHtITMAX,LENGTH.KP,NCOF 150
lWEL»NUMT.IFINALtITtKTtIHEADtIDRAWiIFLOtIERRtI2rJ2»K2»IMAXtlTMXl,NCCOF 160
2HtIOKltIDK2tlWATER.IQREtlPtJPtIQtJQtIK,JK,K5,IPUltIPU2,ITK COF 170
COMMON /SPARAM/ TMAX,COLT»DELTtERR»TEST*SUMtSUMP*OR COF 180
OOMMON /SARRAY/ ICHK(13)tLEVEL1(9).LEVEL2(9) COF 190
RETURN COF 200

C                                                                   COF 210
C - COMPUTE THANSMISSIVITY FOR UPPER HYDROLOGIC UNIT WHEN COF 220
C IT IS UNCONFIMED   COF 230
C **««*«»«»««  ««*«»»*» Cop 240

BKTRY TRANS(N3) COF 250
C »    * ««*»*«»* * «*  COF 260

00 10 I»2tll COF 2TO
DO 10 J»2»J1 COF 280
IF (PERM(I.J).EQ.O.) GO TO 10 COF 290
T<I»JtKO)»PERM(I«»<J)<MPHI(I»JtKC)-80TTOMUfdM COF 300
IF (TdtJtKO) ,GT,0.) GO TO 10 COF 310
IF <WELUI»JfKO)»LT.O*) WRITE (6^60) I.J.KO COF 320
IF (WELUItJtKO) *GE,0.) WRITE (6*70) UJtKO COF 330
PERM(ItJ)*0. COF 340
T(I»JtKO)*0. COF 350
TR(ItJ-l»KO>«0. COF 360
TR(1»J»KO)»0. COF 370
TC(I*>«J»KO)aO. COF 380
TC(I-ltJtKO)»0. COF 390
IF (KO.NE.l) TK(I»J,KU«0. COF 400
PHI(IrJ.KO)-1.030 COF 410

10 CONTINUE COF 420
IF (N3.EQ.1) RETURN COF 430
N1«KO COF 440
N2«KO COF 450
N4»K1 COF 460
60 TO 20 COF 470

C   -COMPUTE T COEFFICIENTS   COF 480
C  **»»**«*»««*«*«»««»* COF 490

ENTRY TCOF COF 500
C  «» »«*    «  * *« «  COF 510

Nl«l COF 520
N2«KO COF 530
N4«l COF 540

20 00 40 K«N1*N2 COF 550
00 40 1*1*11 COF 560
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DO 40 J«1»J1 COF 57<
IF (Tdf J,K) .EQ.O.) 60 TO 40 COF 58(
IF (T(I»J*1»K).EQ.O.) 60 TO 30 COF 59< 
TR(ItJtK)«(2.«T(I«J*liK)«T(ItJtK))/(T(IrJiK)«OEUX(J*l)*T(IiJ*ltK)*COF 60(
lDELX(J))»FACTCKtl) COF6K

30 IF (T(I*1»J»K).EQ.O.) 60 TO 40 COF 62C
TC(ItJtK)»(2.»T(I*l»J»K)»T(I»JtK))/(T(IfJ»K)«OELY(I*l)*T(I*ltJtK)oCOF 63C
1DELY(I))«FACT(K»2) COF 64C

40 CONTINUE COF 65C
IFf*O.EQ.1.0R.ITK.EQ.ICHK(10).OR.N3.EQ.O) RETURN COF 66(
DC 50 K«N4tKl COF 6?C
DO 50 I*2»I1 COF 66C
00 50 J*2»J1 COF 69C
IF (T(ItJtK*l).EQ.O.) 60 TO 50 COF 70C
TlaT(XtJfK)«FACT(K»3) COF 710
T2«T(I»JfK*l)«FACT{K*1^3) COF 72C
TK(I»J,K)»(2.«T2«T1)/(T1«DELZ(K+1)*T2»DEL2(K)) COF 730

50 CONTINUE COF 740
RETURN COF 750

C COF 760
C COF 770

60 FORMAT <»-»i20(»«*).»*ELL«t2I3.» IN LAYER*.13.  60ES DRY*.20{«» ))COF 780
70 FORMAT (»-««20 (»^«*) . »NOOE» »2I3»   IN LAYER»tI3»« 60ES DRY* ,20 (»  )) COF 790

END COF 800
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SUBROUTINE CHECKI<PHI»STRT»QLD»T»S»TR»TC»TKtWELL»DELX»DELY»OELZ»FACHK 10
lCT,jFLO»FLOW»fiRE) CHK 20

C ..................................................................CHK 30
C COMPUTE A VOLUMETRIC BALANCE CHK 40
C ..  .........  .......     ........  ...   ..................CHK 50
C CHK 60
C SPECIFICATIONS I CHK 70

REAL *8PHI CHK 80
C CHK 90

DIMENSION PHI(IOrjOtKO)  STRT(IO»JO»KO)» OLD(10.JOtKO). T(10,JO.KQCHK 100
1), S(IO.jOtKO)» TR(IO,JOtKO) t TC (I0» JO tKO) » TK (IKt JK»K5)   WELLdOtCHK 110
2JO»KO)t DELXfjO), OELY(IO)t OELZ(KO). FACT(KOt3)t JFLO(NCH,3)» FLOCHK 120
3W(NCH)t QRE(IGtJQ)» IQQ(40»38) CHK 130

C CHK 140
COMMON XINTEGRX I0tJ0tKOtlitJl»K1tItJtK»NPERtKTHtITMAX.LENGTHtKP»NCHK ISO
lWEL*NUMTfIFINAL»ITtKT»IHEAOtIORAWtIFLO«IERR»I2tj2fK2»IMAX»ITMXlfNCCHK 160
2HtIDKl,IOK2tIl«ATER,IQREtIP»JP»IQ,jQ.IK,JKtK5tIPUl»IPU2»ITK CHK 170
COMMON /SPARAHX TNAX»CDLT»OELTtERR.TEST»SUM,SUMP,QR CHK 180
COMMON /SARRAY/ ICHK(13)tLEVELl(9)fLEVEL2(9) CHK 190
COMMON /CK/ ETFLXT»STORT»ORET»CHST»CHOT»FLUXT»PUMPTtCFLUXT»FLXNT CHK 200
RETURN CHK 210

C                                *                                  CHK 220
c ****»«  ****«*»*«*   CHK 230

ENTRY CHECK CHK 240
C  * «*** ** *»* *   * CHK 250
C - INITIALIZE VARIABLES  CHK 260

PUMP«0. CHK 270
STOR»0. CHK 280
FLUXSaO.O . CHK 290
CH01»0.0 CHK 300
OD2-0.0 CHK 310
QREFLX»0. CHK 320
CFLUX«0. CHK 330
FLUX»0* CHK 340
ETFLUX.O. CHK 350
FLXN-0.0 CHK 360
II«0 CHK 370

C                                            »                      CHK 380
C CHK 390
C   COMPUTE RATEStSTORAQE AND PUMPA6E FOR THIS STEP - CHK 400

00 220 K*1»KO CHK 410
00 220 1*2,11 CHK 420
00 220 J«2»J1 CHK 430
IF (TdfJtKUEQ.O.) GO TO 220 CHK 440
AREA»OELX<J)«DELY(I) CHK 450
IF (S(I.J»K)*GE.O.) 00 TO 180 CHK 460

C CHK 470
c  COMPUTE FLO* RATES TO AND FROM CONSTANT HEAD BOUNDARIES  CHK *eo

II«II*1 CHK 490
FLOW(II>«0. CHK SOO
JFLO(IItl)«K CHK 510
JFLO(II,2)»I CHK 920
JFLO(II»3)«J CHK 530
IF (S(I»J-ltK).LT.O..OR.T(I»J-ltK).EQ.O.) 90 TO 30 CHK 540
X«<PHI<ItJtK)-PHI<ItJ-l*K)M>TR(I»J-ltK)«OELYtI) CHK 550
FLOW(II)-FLOW(II)+X CHK 560
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10

20
30

40

50
60

70

SO 
90

100

110
120

130

140
150

180

190

200

210
220

IF (X) 10*30.20 
OHD1»CH01«X
60 TO 30 
CHD2«CHD2*X
IF (S(I*J*1»K).LT.O..OR.T(I*J*1»K).EQ.O.) 60 TO 60 
X»(PHl(IrJ*K)"PHI(I,J*l»K))<H>ELY(I)<»TR{I*J»K) 
FLO*(II)»FLOW<II)*X 
IF (X) 40*60*50 
OD1«CHD1*X 
GO TO 60 
CHD2«CHD2*X 
IF (K.EQ.l) GO TO 90
IF (S(I.JtK-l).LT.O..OR.T(ItJtK-l).EQ.O.) GO TO 90 
Xa(PHI(I*j9K)-PHl(I,J»K-l»*TK(IrJ*K-l)*AREA»2./(DELZ<K)*DELZ(K- 

l)
FLO*(II)»FLOW(II)*X 
IF (X) 70*90.80 
CH01»CHD1*X 
GO TO 90 
Ch02»CH02*X
IF (K.EQ.KO) GO TO 120
IF (S(I*J»K*1).LT.O..OR.T(I»J»K*1).EQ.O.) GO TO 120 
X»<PHl(I.J.K)-PHI(I,J,K*lM«TK<I,UfK)»AREA»2./(DELZ<K)*DELZ(K*l) 
FLOH(II)*FLOW(II)*X 
IF (X) 100*120*110 
C*D1«CHD1*X 
GO TO 120 
CHD2*CHD2*X
IF (S<I-1»J»K).LT.O..OR.T(I-1»J»K).EO.O.) GO TO 150 
X*(PHl(I*J*K)-PHI(I-l»J»K))«TC(I-l»JfK)<H>ELX<J) 
FLOti(II)»FLOW(II)*X 
IF (X) 130*150*140 
CHD1«CH01*X 
GO TO 150 
CH02«CHD2*X
IF (S(I*1»J*K).LT.O..OR.T(I*1»J»K).EQ.O.) GO TO 220 
X*<PHKI»J*K)-PHl(I*l»J»K))*TC(I.J*K)«DELXfJ) 
FLOW(II)»FLOH(II)«X 
IF (X) 160*220*170 
OH01«CHD1*X 
GO TO 220 
CH02«CHD2*X 
GO TO 220

  RECHARGE AND WELLS  
IF (K.EQ.KO.ANO.IQRE.EQ.ICHK(7)) QREFLX«QREFLX*QRE(I»J)»AREA
IF (WELL(I.J.K)) 190*210*200

GC TO 210
CFLUX»CFLUX*WELL(I *J»K)«AREA

 ^COMPUTE VOLUME FROM STORAGE   
STOR*STOR«S(!»J»K)»(OLD(I»J»K)-RHI(I»J»K)>«AREA 
CONTINUE
     »     t................................... .......... ........

CHK 570 
CHK 580' 
CHK 590' 
CHK 600' 
CHK 610 ' 
CHK 620 
CHK 630 
CHK 640 
CHK 650 
CHK 660 
CHK 670 
CHK 680 
CHK 690

DCHK 700 
CHK 710 
CHK 720 
CHK 730 
CHK 740 
CHK 750 
CHK 760 
CHK 770 
CHK 780

) CHK 790 
CHK 800 
CHK 810 
CHK 820 
CHK 830 
CHK 840 
CHK 850 
CHK 860 
CHK 870 
CHK 880 
CHK 990 
CHK 900 
CHK 910 
CHK 920 
CHK 930 
CHK 940 
CHK 950 
CHK 960 
CHK 970 
CHK 980 
CHK 990 
CHK1000 
CHK1010 
CHK1Q20 
CHK1030 
CHK1040 
CHK1050 
CHK1060 
CHK1070 
CHK1080 
CHK1090 
CHK1100 

..CHK1110 
CHK1120
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C   COMPUTE CUMULATIVE VOLUMES. TOTALS. AND DIFFERENCES * CHKU30
FLXPT»0.0 CHK1140
STQRT«STORT*STOR CHK1150
STOR*STOR/DELT CHK1160
QRET»QRET*QREFLX*OELT CHK1170
CHOT«CHDT-CHD1»OELT CHK1180
ChST«CHST*CH02»OELT - CHK1190
PUMPT»PUMPT-PUMP«CELT CHK1200
CFLUXT«CFLUXT*CFLUX»OELT CHK1210 
TCTL1»STORT*ORET*CFLUXT*CHST*FLXPT CHK1220
TCTL2»CHDT*PUHPT*ETFLXT*FLXNT CHK1?30 
SLMR»QREFLX*CFLUX*CHD2*CH01*PUMP*ETFLUX*FLUXS*STOR CHK1240
DIFF«TOTL2-TOTL1 CHK1250
PERCNTxO.O CHK1260
IF (TOTL2.EQ.O.) GO TO 230 CHK1270
PERCNT«DIFF/TOTL2*100. CHK1280

230 RETURN CHK1290 
C ..................................................................CHK1300
C CHK1310
C ...PRINT RESULTS   CHK 1320
£ it*********************** CHK1330

ENTRY CWRITE CHK1340
C **«*«*****»*  **    **»  CHK1350
C CHK1360

WRITE (6*260) STOR»OREFLX*STORT,CFLUX»ORET»PUMP*CFLUXT f ETFLUX,CHSTCHK1370
l.FLXPT*CH02.TOTLl*CHDl*FLUX f FLUXStETFLXT*CHDT*SUMR f PUMPT,FLXNT,TOTCHK1380
2L2tOIFFtPERCNT CHK1390
IF (NCH.EQ.O) GO TO 240 CHK1400
WPITE (6*270) CHK1410
MRITE (6*280) UJFLOUrJ) »J*lf3) fFLOW(I) .IM.NCH) CHK1420

C CHK1430
C  -COMPUTE VERTICAL FLOW  CHK1440

240 X-0. CHK1450
Y«0. CHK1460
IF (KO.EQ.l) RETURN CHK1470
OC 250 X«2»I1 CHK1480
DC 250 J«2»J1 CHK1490
X«X*(PHI(I»J*1)-PHI(I»J*2))«TK(I»Jt1)«OELX(J)«DELY{I)»2.X COELZ(1)*CHK1500
1DELZ(2)> CHK1510

250 Y«Y*(PHI(I*J,K1)-PHI(I*.J*KO»»TK(I*J,K1)«OELX(J)«DELY<I)«2./(DELZ(CHK1520
1K1)*DELZ(KO» CHK 1530
WRITE (6*290) Y*X CHK1540
RETURN CHK1550

C CHK1560
C ...FORMATS   CHK1570
C CHKI580
C .......     .. ...-..-.-. .. ....-........_......... .....,CHK 1590
C CHK1600
C CHK1610
C CHK1620

260 FORMAT («0»*10X*^CUMULATIVE MASS BALANCEt«,16X,t L»«3«,23X,'RATES FCHK1630
10R THIS TIME STEP!»*16X*»L««3/T«/11X,24(»-t),43x*25(  »)//20X,»SOUCHK1640
2RCESM»69X»*STORAGE »»*F20*4/20X,8(»-»)»68X»(RECHARGE « .F20.4/27XCHK1650
3»»STORAGE «»»F20.2»35X*(CONSTANT FLUX «(.F20.4/26X,(RECHARGE »(»F2CHK1660
40.2t41Xt(PUMPING^«(,F20.4/21Xt(CONSTANT FLUX «(,F20.2t30X,(EVAPOTRCHK1670
5ANSPIRATION »(*F20.4/21X*'CONSTANT HEAD ««,F20.2»34X,»CONSTANT HEACHK1680
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«Ott/27X«»LEAKAGE  *«F20.2t46XftfN » tF20.4/21Xt'TOTAL SOURCES *»tFCHK!690
720.2t45Xt»OUT »»tF20.4/96X»'LEAKAGE I»/20Xt DISCHARGES I t45X»fFROM CHK1700
8PRFVIOUS PUMPING PERIOD »»tF20.4/20X f 11( - )t68XttTOTAL » fF20.4/1CHK1710
96Xt»£VAPOTRANSPIRATION » tF20.2/21X»tCONSTANT HEAD » tF20.2t36Xt»SCHK1720
SUN OF RATtS ai,F20.4/19X»QUANTITY PUMPED »»fF20.2/27Xf'LEAKAGE «» f CHK1730
SF20.2/19Xt'TOTAL DISCHARGE »»tF20.2//17X.'DISCHARGE-SOURCES »'.F20CHK1740
S.2/15Xt»PER CENT DIFFERENCE «»«F20.2//) CHK1750

270 FORMAT (fOFLOU RATES TO CONSTANT MEAD NODESl»/»  t34<»-»)//» »»3(9CHK1760
lX.iK»t4X»tit»4X»wj»,5Xt»RATE (L»»3/T) )/   t3(9Xt   »4Xt - t*Xt »*CHK1770
2»SXtl3<»»»))/) CHK1780

260 FORMAT (/(IX»3(110.215rG18.7M) CHK1790
250 FORMAT (»OFLOW TO TOP LAYER «»tGl5.7t» FLOW TO BOTTOM LAYER «»t<JCHK1800

115.7t» POSITIVE UPWARD*) CHKlftlO
END CHK1820
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SUBROUTINE PRNTAI(PHItSTRT»T»StWELLrDELX.OELY) PRN 10
c .................................. .  .... ...  .        «PRN 20
C PRINT MAPS OF DRAWDOWN AND HYDRAULIC HEAD PRN 30
C ........ ....- ................................................,PRN 40
C PRN 50
c SPECIFICATIONS: PRN eo

REAL «8PHltZtXLABEL»YLABELtTITLEtXNl»MESUR PRN 70
REAL «4K PRN 80

C PRN 90
DIMENSION PHI<IO*00,KO), STRT(10,JO»KO)» S(IOtJO»KO)» WELL(10*JO»KPRN 100
10), DELX(JO), DELY(IO)» T(lOtJO,KO) PRN 110

C PRN 120
COMMON /INTEGR/ 10»JO»KO,I1,Jl»K1»I,J»K,NPER»KTHtITMAX»LENGTH,KP»NPRN 130

lWELtNUMTfIFINAL»ITfKT»lHEAD,IDRAW»IFLOtIERR»I2»j2»K2»IMAX»ITMXl,NCPRN 140
2H»lDKlfIDK2»I*ATER»IQRE»IP»JPiIQfJQtIKfJK»K5fIPU1»IPU2»ITK PRN ISO

COMMON /PR/ XLABELO)tYLABEL (6)tTITLE(6)tXN1.MESUR.PRNT(122)»BLANKPRN 160
1 (60) .DIGIT (122) tVFK6) »VF2(6) »VF3(7) .XSCALEtDINCHtSYM (17) tXN < 100) .PRN 170
2YM13) »NA(4) tMtN2»N3»YSCALE»FACTl»FACT2 PRN 160
RETURN PRN 190

C ..................................................................PRN 200
C PRN 210
C   INITIALIZE VARIABLES FOR PLOT   PRN 220
C ««««««««****«««««*«« PRN 330

ENTRY MAP PRN 240
C »»» »» »» *» ***«»«» PRN 250

YCIMsO. PRN 360
WIDTH-O. PRN 270
DO 10 J»2»J1 PRN 260

10 WXDTH«WIDTH*OELX(sJ) PRN 290
DO 20 I»2.I1 PRN 300

20 YDIMsYDlM+OElY(I) PRN 310
30 XSF*DINCH«XSCALE PRN 320

YSF*DINCH«YSCALE PRN 330
NYD-YDIM/YSF PRN 340
IF (NYD«YSF.LE.YDIM-DELY(Il)/2.) NYD»NYO*1 PRN 350
IF (NYD.LE.12) GO TO 40 PRN 360
OINCH»YOIM/(12.»YSCALE) PRN 370
WRITE (6»330) OINCH PRN 380
IF (YSCALE.LT.1.0) WRITE (6,340) PRN 390
GO TO 30 PRN 400

40 NXD*WIDTH/XSF PRN 410
IF (NXD*XSF.LE.WIOTH-OELX(Jl)/2.) NXO«NXO*1 PRN 420
N4«NXO*N1*1 PRN 430
N5«NXO«1 PRN 440
N6«NYD*1 PRN 450
N8*N2*NYD+1 PRN 460
NA(l)«N4/2-l PRN 470
NA(2)*N4/2 PRN 460
NA(3)»N4/2«3 PRN 4-90
NC«(N3-N8-10)/2 PRN 500
ND»NC«N8 PRN 510
NE»MAXO(N5tN6) PRN 920
VF1(3)*DXGIT(ND) PRN S30
VF2(3)«DIGIT(ND) PRN 540
VF3(3)»DIGIT(NC) PRN 550
XLABEL(3)«ME9UR PRN 560
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c
c
c
c
c

c
c

c
c

c
c

c
c

YLABEU6)«ME9UR
DO 60 I«1*NE
NM«N5-I
NNY»I«1
IF (NNY.GE.N6) GO TO 50
YMI)aYSF«NNY/YSCALE

50 IF (NNX.LT.O) GO TO 60
XN (I)*XSF«NNX/YSCALE

60 CONTINUE
RETURN

*««*«** «*****«*** *
ENTRY PRNTA<NG*LA)
 A******************

PRN 570
PRN 560
PRN 590
PRN 600
PRN 610
PRN 620
PRN 630
PRN 640
PRN 650
PRN 660

PRN 660
PRN 690
PRN 700
PRN 710

   VARIABLES INITIALIZED EACH TIME A PLOT IS REQUESTED   PRN 720
DIST«WlDTH-DELX(Jl)/2.
JJ«J1
LL»1
Z»NXD»XSF
IF (NG.EQ.l) WRITE (6.300) (TITLE (I) *I«U3) ,LA
IF (NG.EQ.2) WRITE (6*300) (TITLE U ) *I»4,6) *LA
DO 290 I»ltN4

   LOCATE X AXES   
IF (I.EQ.1.0R.I.EO.N4) GO TO 70
PRNT(1)«SYM<12)
PRNT(N8)»SYM(12)
IF «I-1)/N1»NUNE.I-1) GO TO 90
PRNT(1)«SYM(14)
PRNT(N8)»SYM(14)
GO TO 90

  LOCATE Y AXES   
70 DC 80 J*1*N8

IF «J-1)/N2*N2.EC.J-1) PRNT(J)«SYM(14)
80 IF ((J-1)/N2«N2.NE.J-1> PRNT (J) «SYM(13)

  COMPUTE LOCATION OF 'NODES AND DETERMINE APPROPRIATE
90 IF <DIST.LT.O.*OR.DIST.LT.Z-XN1*XSF) GO TO 240

YLEN«DELY(2)/2.
DO 220 L*2*I1
J«YLEN«N2/YSF*U5
IF (T(LfJOtLA).EQ.O.) GO TO 160
IF (S(LtJJtLA) .LT.O.) GO TO 210
I'NDX3«0
GC TO (100*110) t ING

100 K«<STRT(L*JJ*LA)-PHI(L*'JJ*LA))»FACT1
 TO CYCLE SYMBOLS FOR DRAWDOWN* REMOVE C FROM COL. 1 OF
K3AMOO(K,10. )
GC TO 120

110 K«PHICL*JJ»LA)«FACT2
120 IF (K) 130*160*140
130 IF (J-2.GT.O) PRNT(J«2)«SYM(13)

Na»K*,5
XF (N.LT.100) 60 TO 190

PRN 730
PRN 740
PRN 750
PRN 760
PRN 770
PRN 780
PRN 790
PRN 800
PRN 810
PRN 820
PRN 830
PRN 840
PRN 850
PRN 860
PRN 870
PRN 880
PRN 890
PRN 900
PRN 910
PRN 920
PRN 930
PRN 940

SYMBOL-  PRN 950
PRN 960
PRN 970
PRN 980
PRN 990
PRN1000
PRN1010
PRN1020
PRN1030
PRN 1040

NEXT CARD-PRN1050
PRN1060
PRN1070
PRN 1080
PRN1090
PRN1100
PRN1110
PRN1120
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140

150

160
170
180

200
210
220
230

240

250

260

270

280

290

GO TO 190
N-K+,5
IF (N.LT.100) 60 TO 150
IF (N.GT.999) GO TO 190
INDX3«N/100
IF (J-2.GT.O) PRNT(J-2)*SYM(INDX3)
K»N»INOX3*100
INDXl=MOD(Nt 10)
IF (INOX1.EQ.O) iNOXlslQ
-TO CYCLE SYMBOLS FOR DRAWDOWN, REMOVE C FROM COL. 1 OF NEXT CAPO
IF (NG.EQ.l) GO TO 170
INDX2»N/1Q
IF (INOX2.6T,0) GO TO 160
IKOX2*10
IF (INDX3.EQ.O)
GC TO 180

INDX2*15

IF (J-1.6T.O) PRNT(U-1)
PPNT(J)*SYM(JNOX1)
GO TO 22C
00 200 II»1»3

SYM(INOX2)

IF (JI.GT.O) PRNT(JI)«SYM(11)
IF (S(L»JJ.LA).LT.O.) PRNT (J) »SYM<16)
YLEK-YLEN* <DELY <D *DELY <L*I > ) /2,
DIST«OIST-(OELX(iJj)*0£LX(JU-l) >/2.
JJ-JJ-1
IF (JJ.EQ.O) GO TO 240
IF {OIST.GT.Z-XN1«XSF> GO TO 230
CONTINUE

 -PRINT AXESiLABELS* AND SYMBOLS 
IF (I-NA(LL).EQ.O) GO TO 260
IF ((I-1)/N1«N1-(I«1» 270*250*270
WRITE (6,VF1) (BLANK 4 J) .J«l »NC) . (PRNT (J) rj»l ,N8) »XN ( 1 *( 1-1 ) /6 )
GO TO 280
WRITE (6.VF2) (BLANK (J) »J«1 »NC)   (PRNT (J)  *U«ltN8) «XLABEL(LL>

GO TO 280
WRITE (6*VF2) (BLANK (J) ,JM , NO , (PRNT (J) *J«1 ,N8>

  COMPUTE NEW VALUE FOR 2 AND INITIALIZE PRNT
Z*Z-2.*XN1*XSF
DO 290 J-1.N8
PRNT(J)»SYM(15)

  NUMBER AND LABEL Y AXIS AND PRINT LEGEND  
WRITE (6,VF3) (BLANK (J) »J»ltNC)   (YN(I) *! ! »N6>
WRITE (6,320) (YLABEL(I)  !»! »6)
IF (NG.EQ.l) WRITE (6*310) FACT1
IF (NG.EQ.2) WRITE (6.310) FACT2
RETURN

...pQRMATS  

PRNU30 
PRN1140 
PRN1150 
PRN1160 
PRN1170 
PRN1180 
PRN1190 
PRN1200 
PRN1210 
.PRN1220 
PRN1230 
PRN1240 
PRN1250 
PRN1260 
PRN1270 
PRN1280 
PRN1290 
PRN1300 
PRN1310 
PRN1320 
PRN1330 
PRN1340 
PRN1350 
PRN1360 
PRN1370 
PRN1380 
PRN1390 
PRN1400 
PRN1410 
PRN1420 
PRN1430 
PRN1440 
PRN1450 
PRN1460 
PRN1470 
PRN1480 
PRN1490 
PRN1500 
PRN1510 
PRN1B20 
PRN1530 
PRN1540 
PRN1550 
PRN1560 
PRN1570 
PRN1580 
PRN1590 
PRN1600 
PRN1610 
PRN1620 
PRN1630 
PRN1640 
PRN1650 
PRN1660 
PRN1670 
PRN1680
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C ............ . .. ..... ...» ......... ».........  . .....    .....PAN 1690
C PRN1700
C PRN1710

300 FORMAT <»l»t49Xt3A8t»LAYER»tI4//> PRN1720
310 FORMAT («OEXPLANATION»/« Nil < - )//  R « CONSTANT HEAD BOUNDARY»/PRN1730

!      a VALUE EXCEEDED 3 FIGURES*/' MULTIPLICATION FACTOR «»tF8.3)PRN1740
320 FORMAT <»0 »39Xt6A8) PRN1750
330 FORMAT ('0«.25X,10{' '),» TO FIT MAP WITHIN 12 INCHES* OINCH REVISPRN1760

1EO TO»tG15.7,lXtlO(t»«)) PRN1770
340 FORMAT (»0  .45Xt«NOTEt GENERALLY SCALE SHOULD BE > OR » 1.0») PRN1780

END PRN1790-
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BLOCK DATA BLK 10 
C , ...-..  BLK 20 
C BLK -30 
C SPECIFICATIONS* BLK 40

REAL *8XLABEL.YLABEL.TITLEtXNl.MESUR BLK 50 
C BLK 60

COMMON /SARRAY/ ICHKU3>tLEVELl<9>»LEVEL2<9> BLK 70
COMMON /PR/ XLABEL(3)tYLABEL(6)»TITLE(6)tXNl».MESURtPRNT(122).BLANKBLK 80
1(60).DIGIT(122)»VF1(6).VF2(6)tVF3(7)tXSCALEtOINCHtSYM(17)»XN(100)»BLK 90
2Y,*(13)»NA<4) *MiN2tN3tYSCALEtFACTl»FACT2 BLK 100

C ****»»*»»**»********»****«*«****»»»»****»*»*»****»*»*»*»*«*»»***»«BLK 110
C BLK 120

DATA ICHK/»DRAW» 'HEAD»t »MASS«.«DK1*.«DK2* t »WATE» t »RECH» t »PUN1»t»PBLK 130 
lUN2't»ITKR»t3«0/ BLK 140
DATA SYM/M l t t 2».»3»»«4«.»5».»6«t»7».»8».«9».«O l t»» t t»l l » l -»t l +'t»8LK ISO 

1 »,»R«t«W»/ BLK 160
DATA PRNT/122** »/»Nl.N2.N3.XN1/6.10.133»,833333333D-l/tBLANK/60*«8LK 170 

1 »/tNA(4)/1000/ BLK 180
DATA XLABEL/* X OIS- »t»TANCE IN».» MILES «/.YLABEL/»DISTANCE»,» BLK 190 
1FPOM OR'.iIGIN IN ».»Y DIRECT*.»ION. IN «,'MILES »/.TITLE/»PLOT BLK 200 
20F  . DRAWDOWN*.* «,»PLOT OF  ,«HYDRAULI»»»C HEAD*/ BLK 210
DATA DIGlT/*l».»2*.*3*.*4*.*5».*6*.»7*.*8».*9».»iO*.*ll*.*12».»13»BLK 220 
1»»14»»«15*.*16».*17*.»18».*19*.»20».*21*,*22*.»23*.*24».«25».*26»«BLK 230 
2»'27*.»28*.*29*.*30*.»31*.»3'2»»*33*.»34»,*35*.*36».»37*.*38*.*39*.*BLK 240 
340*.»41*,*42».»43*.«44*.*45*.*46*.»47*.*48«.»49*.*50».*51*.*52*.»5BLK 250 
43*,*54*.*55«.»56*.*57*.*58*.*59».*60*.*61*.*62*.*63*.*64».*65*»*66BLK 260 
5 *,167 *. 68» » »69 »»70 *.»71 *.»72 *.* 73 *.»74 *. 75 *.» 76», 77», 78 *.* 79BLK 270 
6*t*80*t*ai*t*82tt*83*tf84(»t85*tf86tt*87*t*8a*t*a9t»(90*t*9lt»*92*BLK 280 
7t*93»»*94***95*»*96»t*97»t»98*t*99*t«100*t*l01»t»102»t*103*,* !04tBLK 290 
at»105»t*106»t»l07*t»i08» f *109»t*110*t*lll*t*il2»t*113«t*114» f «11S»BLK 300 
9t*116»t»117*t»118*t*119*t*120*t«121»t*l22*/ BLK 310
DATA VFl/MiH *t*i*t*   t *AltF* t *10.2»t  )  / BLK 320
DATA VF2/M1H *t»t*t»   t »Ai .1 * t »XtA8* t«)  / BLK 330
DATA VF3/MlHO't»t«t» »t 'Al.tF' » »3.1t   t   12F1» t »0.2> »/ BLK 340 

C »»«»«»»»********»*»*»*»«*««**»*»»****«»*»«»»»»»»****»**»»»*«**«*««BL>K 350
END BLK 360-
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